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INTRODUCTION 
The su p er io r  lab ia l frenum  in m an is  apparently of 
lit t le  or no functional im p o rta n ce , yet it is  o cca s io n a lly  
found as a large  fle sh y  m a ss  teth erin g  the upper lip  to 
the a lv eo la r  p r o c e ss  betw een the upper cen tra l in c iso r  
teeth . The only explanation put forw ard to account for  
its  p resen ce  (B olk , 1921; B oyd, 1933) is  that the frenum  
rep resen ts  the v e s t ig e s  o f a stru ctu re  found in the low er  
P r im a tes . In an attem pt to find out m ore about the 
human su p er io r  lab ia l frenum , the m orp h olog ica l 
varia tion s o f the frenum  in se v e r a l o th er sp e c ie s  of  
m am m als w ere exam ined. H ow ever, as the in itia l  
enquiry developed , it b ecam e c lea r  that the frenum  could  
not be studied  in iso la tio n  from  surrounding s tru c tu res  
such as the upper lip  and the a lv eo la r  p r o c ess  supporting  
the in c iso r  teeth . It a lso  becam e apparent that se v e r a l  
fea tu res of the human upper lip , including the philtrum  
and the v e r t ic a l r id ges on e ith er  sid e of i t ,  are not found 
in other m am m als. In ord er th erefore  to obtain a b etter  
understanding of the m orphology o f the human upper lip  
a sy stem a tic  su rvey  was m ade o f the upper lip  and its  
a sso c ia ted  m id line s tru ctu res  in as wide a range o f  
m am m als as p o ss ib le . The findings of th is su rv ey  are  
p resen ted  and then the upper lip  and frenum  in man are  
exam ined in the ligh t of the varia tion s found in other  
m a m m a ls .
4 .
R E V IE W  OF TH E L I T E R A T U R E  
L iteratu re  concerning the su p er io r  lab ia l frenum  is  
lim ited  to that on the frenum  in m an excep t for p a ssin g  
r e fer en ce s  to its  p resen ce  or absence as part o f a g en era l
|
d escr ip tion  o f a p articu lar  s p e c ie s . T ait (1929) has j
esta b lish ed  that the human su p er io r  la b ia l frenum  is  j
j
r e la t iv e ly  m uch m ore prom inent in the infant than in  j
m o st adults and that it is  not n e c e s s a r ily  a sso c ia te d  with  
spacing  betw een the cen tra l in c iso r  teeth  as was thought 
to be the c a se . The litera tu re  on the human su p er io r  
lab ia l frenum  has been  rev iew ed  by C erem ello  (1953) 
and Adam s (1953) but th ese  rev iew s sim p ly  confirm  
T a it‘s find ings. Of the other fea tu res o f the human upper 
lip , Monie and C acciatore (1962) have shown that the 
philtrum  does not rep resen t the lin e o f fusion  of the 
p aired  fron to -n asa l p r o c e s s e s  but appears som e tim e  
after  lip  form ation is  com p lete . Duckworth (1910) has 
com pared sa g itta l sec tio n s  o f the lip s  in m an and 
s e v e r a l advanced P rim ates, show ing that an ex ten siv e  
v erm ilio n  border of the lip  is  unique to man,,while 
D annenberg, L eid er  and B a ss  (1958) have shown that the 
lab ia l tu bercle  is  only a tran sien t feature o f the 
v erm ilio n  border o f the upper lip  in human infants.
The standard referen ce  on the m orphology of the 
upper lip  in m am m als is  the a r tic le  by Boyd (1933).
He co n sid ers  that the m ost p rim itive  arran gem en t o f  
the upper lip  is  where the h a ir -b ea r in g  sk in  is  confined  
to the la tera l portions o f the lip  and the cen tra l portion  
is  com posed  of m o is t , naked sk in  - the rhinarium  - 
extending down from  the n ares to fuse with the ora l 
m u cosa  at the edge of the lip . In sp e c ie s  show ing an 
advance on th is sim p le  pattern there are d ifferin g  
d eg rees  o f en croach m en t, by the hairy sk in  of the 
la te r a l a sp ects  of the lip , onto the cen tra l rh in aria l 
sk in  until, in  those sp e c ie s  p o s se s s in g  the m ost  
advanced le v e l of lip  developm ent, there is  an unbroken  
str ip  of hairy  sk in  sep arating  the n ares from  the edge 
of the lip .
Apart from  Boyd (1933), other r e fer en ce s  to the 
rela tion sh ip  of the upper lip  and the rhinarium  are  
confined to d escrip tion s o f a p articu lar  sp e c ie s  e .g .  
P ocock  (1914b) or O sm an H ill (1953). The functional 
behaviour of the lip  and snout in m am m als does not 
appear to have been d escr ib ed  in any d eta il excep t for  
the work of H afez (1962) on dom estic  s p e c ie s .
Lip behaviour in man has been  co m p reh en sively  
d iscu ssed  by L igh to ller  (1925). O ther r e fer en ce s  
to variou s a sp ects  of the upper lip  and rhinarium  are  
given  at appropriate points in  the tex t.
MATERIAL AND METHODS 
W henever p o ss ib le , use has been  m ade of s e v e r a l  
different m ethods of studying each s p e c ie s .  T hese  
m ethods include exam ination  o f (a) liv in g  sp e c im en s ,
(b) fre sh  dead sp e c im en s, (c) w e t-p r e se r v ed  sp e c im en s , 
(d) dried  or m ounted sp ec im en s. D isse c tio n  has been  
undertaken where conditions a llow ed but, in  the ca se  of  
som e o f the s m a lle r , m ore frag ile  sp e c im en s , fixation  
and section in g  has been  em ployed . A defin itive su rv ey  
of a ll p lacental m am m als is  obviou sly  not p o ss ib le  but it  
is  fe lt that su ffic ien t sp e c ie s  have been  d escr ib ed  to 
provide a reasonab le  b a s is  for d iscu ssio n .
S evera l techniques of illu stra tin g  the m a ter ia l have 
been  em ployed . W here su ffic ien t d eta il can be shown  
in a photograph th is has been the m ethod of choice but 
in  m any in sta n ces , p articu larly  in the ca se  of sm a lle r  
anim als or where d issec tio n  has been done, h a lf-ton e  
drawings are used . Where section in g  has been  
n e c e s sa r y , a photom icrograph of a sta in ed  sec tio n  is  
given  in m ost in sta n ces .
In a sy stem a tic  su rvey  of th is typ e, one o r  other o f  
two approaches is  p o ss ib le . The ord er o f p resen tation  
o f the m a ter ia l m ay adhere s tr ic t ly  to that found in  a
given  taxonom ic sy ste m  e .g .  that of Sim pson (1945). 
A ltern a tiv e ly , s in ce  a com posite  group of s tru ctu res  
is  being exam ined , sp e c ie s  m ay be arranged  in  
sequence to illu stra te  gradations o f change in the 
s tru c tu res . The second  m ethod has been  em ployed  in  
th is study.
L ull (1948), when d iscu ssin g  adaptive rad iation  o f  
the teeth  in m a m m a ls , g iv es  a plan o f the m ain  lin e s  
of developm ent accord ing to the d ietary  var ia tion s  
(F ig . 1). Since the stru ctu res  under exam ination  in  
th is study are a lso  involved  in the p r o c ess  o f feed ing , 
the sam e gen era l plan has been em ployed . It is  not 
p o ss ib le , h ow ever, to keep r ig id ly  to th is arran gem en t  
without creatin g  som e confusion . E ach  sp e c ie s  is  
th erefore  p laced  in the d ietary grouping predom inant 
in its  p articu lar  O rder e .g .  the B ear although m ore  
c o rr e c tly  d escr ib ed  as om nivorous is  grouped with  
the C arn ivores. S im ilar ly  the M ole, which is  
predom inantly carn ivorou s, is  p laced  with the 
In se c t iv o r e s . E ach exception  is  dealt with as it a r is e s .
The nom enclature em ployed  is  that of Sim pson (1945) 
s in ce  th is is  cu rren tly  w idely accepted . The popular 
name o f a sp e c ie s  or genus is  used where it is  
su ffic ien tly  accurate but in a ll such in stan ces the c o rrec t
Adaptive Radiation of the Teeth
Myrmecophagous Herbivorous
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R. S. Lull's "Organic Evolution" 1948
Fig- 1-
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SCHEME o f PARTS o f the RHINARIUM
2. D iagram  of the an terior  su rface  of the snout 
of a typ ica l S trepsirh ine P r im a te .
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z o o lo g ica l nam e is  a lso  g iven  when the sp e c ie s  is  f ir s t  
m entioned . A g lo ssa r y  of som e o f the term s used  is  
g iven  b elow , togeth er with a d iagram m atic r e p r e se n t­
ation  of the an ter ior  part of the snout o f a typ ica l 
S trep sirh in e  P rim ate (F ig . 2), to a s s is t  id en tifica tion  
o f the p a r ts . The defin itions are th ose  o f O sm an  
f f l l l  (1953).
R hinarium  The area  of naked m o is t sk in  around  
the ex tern a l n ares in m ost low er m am m als. It can  
be divided into d ifferent parts as fo llo w s:-
D o r s u m  An area  of variab le  extent on the 
dorsum  of the apex n a si.
In franaria l R egion T his extends around the 
lo w er  border of the ex tern a l n ares and v a r ie s  
co n sid erab ly  in s iz e .
In tern aria l R egion The a rea , continuous with  
the dorsum  above and the in fran aria l reg ion  
b elow , which sep a ra tes  the ex tern a l n a res . 
P h iltrum  The m edian str ip  of rh in aria l t is su e  
which extends down from  the in fran aria l area  
to the m argin  o f the upper lip .
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D eta iled  d escr ip tion s o f low er  m am m als, such  
as th ose  by DobSon (1882), are not availab le for  
ev er y  sp e c ie s  d isc u sse d . N om enclature of the 
m u sc le s  in  som e in sta n ces  has th erefore  been  
a rr iv ed  at by a p r o c e ss  of analogy and an a s se s s m e n t  
of the probable action  o f each  m u sc le .
OBSERVATIONS
INSECTIVOROUS SPECIES
In sectiv o ro u s p lacen ta l m am m als are m o stly  found
in  one O rd er, the I n s e c t iv o r e s , although sp e c ie s  which
are p a r tia lly  in sectiv o ro u s  are found in other O rd ers .
The In sec tiv o res  are a d iv erse  a ssem b la g e  of ancient
m am m als each  sp e c ia lise d  to som e extent but with an
underlying p r im itiv en ess  which m akes them  e x trem e ly
difficu lt to c la s s ify  lo g ic a lly  (S im pson, 1945). They
are diphyodont and heterodont with a dental form ula
s im ila r  to or s lig h tly  reduced below  that of the
3 1 4 3
p rim itiv e  m am m alian  form ula i . e . I  ^  C j  PM  ^ M -g. 
An elon gated , protruding snout is  c h a ra c ter is tic  o f m o st  
o f the In sec tiv o res  (H uxley, 1880) and for the pu rp oses  
o f th is study the sp e c ie s  are arranged accord in g  to the 
extent o f th is p rotrusion  with the sh o rt-sn ou ted  sp e c ie s  
being co n sid ered  f ir s t .
T ree Shrews 
Tupaia
One fre sh  dead sp ec im en  and two liv e  sp ec im en s o f  
Tupaia m inor w ere exam ined . The rhinarium  in  
Tupaia occu p ies a large  portion of the an ter ior  part o f  
the upper jaw (F ig . 3). There is  a sh a llow  sa g itta l
1 3 .
cms
‘Jk. Su^ZuuL
F ig . 3. T ree Shrew (Tupaia m in o r). T eeth  not in  
o cc lu sio n .
F ig . 4 . T ree Shrew. T ra n sv erse  sec tio n  through  
upper lip . The su p er fic ia l su rface  is  at 
the top of the fie ld  with the cen tra l rh in aria l 
groove to the le ft . Some tr a n sv e rse  m u scle  
f ib r e s , cut longitud inally , can be seen  on 
the low er right, stopping w ell short o f the 
an ter ior  su r fa ce . x32.
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m idline groove extending down the rhinarium  from  the 
in tern aria l region  to the low er border o f the lip . At 
th is point the groove is  lo s t  and the rh in aria l m u cosa  
fu se s  with the ora l m u cosa . T here is  no lab ia l su lcu s  
deep to the rh inaria l portion of the upper lip . Just 
p alata l to the rhinarium , in the m id lin e , is  the in c is iv e  
pap illa  which form s a w ell-d efin ed  r a ise d  m a s s . It 
l ie s  m idway betw een and s lig h tly  lab ia l to the two large  
cen tra l in c iso r  teeth . T hese teeth  have a sim p le  
con ica l shape but they are rather la r g er  than the upper 
la te r a l in c is o r s . The low er in c is o r s , which are  
p ro c lin ed , occlude betw een the upper cen tra l in c iso r s  
when the teeth  are brought togeth er .
One sp ecim en  was fixed , sec tio n ed  in a plane 
p a ra lle l to the palatal surface  and sta ined  (F ig . 4).
The lo o se  fibrous tis su e  deep to the sa g itta l groove on 
the rhinarium  l ie s  an terior  to the cartilage  of the snout. 
T his cen tra l zone has a num ber of w ide, th in -w alled  
b lo o d v e s s e ls ,  probably venous s in u s e s , containing  
haem orrhagic  d eb ris . T here is  no m u sc le  in th is  
cen tra l a rea  but som e m u scle  fib res term inate near the 
la te r a l edge o f the ca rtila g e . T hese fib res are the m ost
1 5 .
m ed ia l strands of the O rb icu laris o r is  m u sc le  which  
fa ils  to reach  the m id line in Tupaia (L ig h to ller , 1934). 
The m u sc le s  o f the upper lip  are th erefore  confined to 
the la te r a l b ord ers o f the rhinarium .
P tilo cercu s  low ii 
Only one mounted sp ec im en  was a va ilab le . In the 
P e n -ta ile d  T ree Shrew (P tilo cercu s  lo w ii) the r e la tio n ­
ship o f the rhinarium  to the upper in c iso r  teeth  and 
a lv eo la r  p r o c ess  is  s im ila r  to that in Tupaia (Le Gros 
C lark , 1926) and apart from  a g rea ter  degree of  
elongation  o f the bony snout in  the P en -ta iled  T ree  
Shrew the two sp e c ie s  are v ery  s im ila r  as regard s the 
gen era l m orphology o f the head.
L im nogale
One p reserv ed  sp ecim en  o f L im nogale was exam ined . 
L im nogale is  a true in sectiv o re  but unlike m ost of the 
O rder it is  an am phibian. T his fact accounts for the 
m od ification  o b served  in L im n oga le . Instead o f a sharp  
protruding snout there is  a broad spatulate m u zzle  o f 
consid erab le  depth (F ig . 5). The rhinarium  is  much  
reduced in s iz e  and occu p ies a sm a ll area  on the upper 
asp ect of the m u zz le . There is  a narrow , grooved
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F ig . 5. L im nogale
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philtrum  extending from  the rhinarium  down the m u zzle  
and then a c r o s s  the sh a llow  lab ia l su lcu s betw een  the lip  
and the a lv eo la r  p r o c e s s . It thus form s a su p er io r  
la b ia l frenum  b efore ending by p a ssin g  betw een the 
divergen t cen tra l in c iso r  teeth  to the in c is iv e  p ap illa . 
The bulging m a ss  o f the upper lip  on e ith er  s id e  o f the 
philtrum  is  covered  by h a ir -b ea r in g  sk in  w hile th ere is  
con sid erab le  developm ent o f the m y sta c ia l v ib r is sa e  
over  a ll the an ter io r  part o f the m u zz le . The n a res  
open upwards just cra n ia l to the rh inarium .
Potom ogale
Only illu stra tio n s  of Potom ogale w ere ava ilab le  
(D obson, 1882) but to judge by th ese  the snout i s  s im ila r  
to that o f L im nogale although the rh in aria l ph iltrum  is  
apparently absent.
E uropean Hedgehog  
(E rin a ceu s europeus)
T hree fre sh  dead sp ec im en s o f Hedgehog w ere  
exam ined . The snout protrudes in  front o f the upper 
in c iso r  teeth  m ore than in the T ree Shrews and 
L im n o g a le . The rhinarium  is  a r e la t iv e ly  large  
stru ctu re  and is  in c r ea se d  in s iz e  by convolution o f the 
la te r a l n ar ia l b ord ers (F ig . 6). T here is  a sh a llow  
groove startin g  in the in fran aria l reg ion  and extending
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F ig . 6. E uropean H edgehog (E r in a ceu s  e u r o p . )
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along the narrow , w e ll-d efin ed  philtrum . At its  o ra l 
end the philtrum  d iv ides co m p lete ly , with each  half 
p a ssin g  into the a lv eo la r  p r o c e ss  of the cen tra l in c iso r  
on that s id e . The in c is iv e  papilla  l ie s  m idw ay betw een  
the two r id g es  o f the divided philtrum . T here is  only  
a sh a llow  su lcu s on the la te r a l a sp ects  o f the lip  and 
th is is  lo s t  en tir e ly  where the philtrum  is  attached.
The upper cen tra l in c iso r s  are con ica l in shape and 
are  m uch la r g e r  than the rem ain ing in c is o r s . A s in  
a lm o st a ll the In sec tiv o r e s  the canine teeth  are m uch  
red uced  in s iz e .
When the sk in  and m ucous m em brane are d is se c te d  
off the un derside o f the snout, the O rb icu lar is  o r is  
m u sc le  is  s e e n  to form  the bulk of the upper lip  (F ig . 7). 
A n ter io r ly , the m u sc le  p a s se s  forw ards to the la te r a l  
a sp ec ts  of the cen tra l snout ca rtila g e  but its  fib res  
stop  sh ort of the area  covered  by the philtrum .
Tendons o f the Z ygom aticus m ajor and m in or m u sc le s  
lea v e  the a n ter io r  b ord er of the O rb icu lar is  o r is  
m u sc le  to p a ss  forw ards to the a la r  c a r tila g e . A 
sm a ll m u sc le  a r is e s  from  the a lv eo la r  p r o c e ss  of the 
cen tra l in c iso r  and p a s se s  la te r a lly  into the O rb icu lar is  
o r is  m u sc le . T his is  probably the D e p r esso r  sep ti
2 0 .
F ig . 7. H edgehog. S u p erfic ia l t is s u e s  rem o v ed  to show  
d istr ib u tion  o f the m u scu la tu re  and the cen tra l  
ca rtila g in o u s fram ew ork  o f the snout.
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F ig . 8. Gymnura
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F ig . 9. European Mole (Talpa eu rop . )
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m u sc le  o f the re la ted  M yogale (D obson, 1882).
The n asa l cartilage  is  firm ly  attached to the bony part 
o f the snout and is  capable of only lim ited  m ovem ent.
Gymnura
One dried  sp ec im en  o f Gymnura was availab le  
(F ig . 8). It b ears a strong resem b la n ce , as regard s  
the snout, to the c lo se ly  re la ted  H edgehog although the 
la te r a l convolutions o f the rhinarium  are m ore  
pronounced.
E uropean Mole 
(Talpa eu rop eu s)
T hree fresh  sp ec im en s o f E uropean M ole w ere  
exam ined  (F ig . 9). The snout is  lon ger  than that o f  
the H edgehog but is  m ore m a ss iv e  than that o f the 
Com m on Shrew (F ig . 10). The rhinarium  is  lim ited  
to a d isc - lik e  area  rem in iscen t of that in the P ig  but the 
h airy  lip  does not fuse in the m idline underneath the 
snout as does that of the P ig . When the lip  is  
r e f le c te d , a sh allow  g roove, devoid of h a ir , is  
rev ea led  sep aratin g  the h a ir-b ear in g  portions o f the 
lip  a n ter io r ly . The two h alves of the lip  d iverge as  
they approach the teeth  and a tr iangu lar a rea  o f naked  
m u cosa  is  form ed bounded by the teeth  and the m argins
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o f the lip . Within th is tr ian gle  there is  a fringe of 
m ucous m em brane form ing what se e m s  to be an inner  
lip . A n terior  to the fringe are two s lig h tly  r a ise d  
r id g es  o f m u cosa  stretch in g  a n ter io r ly . The teeth  
are quite unlike those of the other In s e c t iv o r e s , with  
sm a ll con ica l in c iso r s  of equal s iz e  and la rg e  can in es. 
T his pattern  is  m ore akin to the carn ivorous a rra n g e­
m ent and in  fact the Mole is  partly  carn ivorou s. It 
a lso  d iffers from  the other In sec tiv o res  in having  
a lm o st no v ib r is sa e  and only rudim entary v isu a l  
apparatus.
Com m on Shrew  
(Sorex v u lg a r is )
Six fre sh  dead sp ec im en s of Com m on Shrew and  
one of the W ater Shrew (N eo m y s) w ere exam ined , 
togeth er  with dried sp ec im en s o f s e v e r a l  other s p e c ie s .  
The Com m on Shrew can be taken as the type sp ec im en . 
The rhinarium  is  situated  at the tip o f a long , flex ib le  
snout which is  w ell supplied with v ib r is sa e  (F ig . 10). 
The extent of the rh in aria l sk in  is  le s s  than in the 
H edgehog but extends la tera lly  to a g rea ter  degree  
than in  the M ole .
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F ig .  10. C o m m o n  Shrew  (So rex  v u l g a r i s )
F ig .  11. Com m on  Shrew.  T r a n s v e r s e  s e c t io n  th rough
p a r t  of the s u p e r i o r  l a b ia l  f r e n u m  showing i t s
r e l a t io n s h ip  to the l ip  and  c e n t r a l  i n c i s o r s .  x32.
As in the  Mole ,  the h a i r - b e a r i n g  sk in  ex tends  onto 
the underside of the snout and the two h a lves o f the lip  
are sep arated  by a sha llow  groove. When the snout is  
r e flec te d  upw ards, h ow ever, the inner a sp ect o f the lip  
is  quite d ifferen t. The cen tra l in c iso r s  are la r g e ,  
hook -shaped  teeth  with two c u sp s , arranged a n tero -  
p o ste r io r ly . A risin g  from  the a lv eo la r  p r o c ess  betw een  
the cen tra l in c is o r s , which are a lm ost contacting each  
o th er , there is  a su p er ior  lab ia l frenum . It p a sse s  
upwards and forw ards to end just behind the junction o f  
the h a iry  sk in  of the lip . It is  a thin, tran slu cen t sh eet  
o f m em b ran e, in  fresh  sp e c im en s, and appears to act 
as a ligam en t lim itin g  upward d isp lacem ent of the snout.
In ord er to exam ine the frag ile  su p erior  lab ia l 
frenum , two sp ec im en s w ere fixed , section ed  tr a n s ­
v e r s e ly  p a ra lle l to the palatal su rface  and sta ined  
(F ig . 11). The frenum  contains a lo o se  m a ss  of 
co llagen ous fibrous t is su e  running a n tero -p o ster io r ly , 
with fib rob lasts  sca ttered  through th is m a ss . E la st ic  
or m u sc le  t is su e  was not found within the frenum  in  
e ith er  sp ec im en . The m usculature of the lip  is  w ell 
defined and form s a band of m u sc le  which c r o s s e s  the 
m idline with only a s ligh t interruption of the fib res in  the 
m id lin e .
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T e n r e c  
(C entetes ecau datu s)
Only dried  sp ec im en s w ere ava ilab le . The elongation  
of the snout togeth er with the d istribution  of hairy  sk in  
and rhinarium  resem b le  the appearance o f the Com m on  
Shrew.
M acroscelid idae  
Only dried sp ec im en s w ere ava ilab le . The M acro­
sce lid id a e  have a r e la t iv e ly  enorm ous p r o b o sc is , hence  
the nam e "Elephant Shrews" is  g iven  to som e s p e c ie s .  
U nfortunately it was not p o ss ib le  to determ ine the 
rela tion sh ip  o f the t is s u e s  on the underside of the snout 
due to dam aging of the sk in s . A ccording to O sm an H ill 
(1948) the d istribution  of the rhinarium  is  not unlike that 
o f the H edgehog with a long , grooved philtrum  p resen t  
on the underside of the p ro b o sc is .
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MYRMECOPHAGOUS SPECIES 
M yrm ecophagous sp e c ie s  a ll show  ex trem e s p e c ia l­
isa tio n  of the jaws including a con sid erab le  reduction  in  
the num ber of teeth  p resen t and d efects  in the stru ctu re  
of the teeth , such as hypoplastic  en am el. The in c iso r s  
are p a rticu larly  a ffected  and are usually  absent or m uch  
reduced  in num ber. S evera l sp e c ie s  have a rhinarium  
but in  m o st sp e c ie s  th is has been  rep laced  by h a ir -b ea r in g  
sk in . D ried  or m ounted sp ecim en s w ere the only  
m a ter ia l ava ilab le .
A ard-V ark  
(Qr.ycte rop u s)
The A ard-V ark  show s elongation  of both the upper and 
lo w er  jaws and has the long ex ten sile  tongue ch a ra cter ­
is t ic  o f the m yrm ecophagous sp e c ie s  (F ig . 12). The 
rhinarium  has been  com p lete ly  rep laced  by sk in  which is  
covered  with sh o r t, th ick tufts of hair.
G reat Ant E ater  
(M yrm ecophaga jubata)
The G reat Ant E a ter  p o s s e s s e s  the m ost ex trem e  
sp e c ia lisa t io n  o f the m yrm ecophagous feeding m ech a n ism s. 
Both the upper and low er jaws have becom e grea tly  
elongated  to give a narrow  tu b e-lik e  appearance.
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F ig .  12. A a r d - V a r k  (O r y c t e r o p u s ). Mounted s p e c i m e n ,  
Royal Sco t t i sh  M useum .
F ig .  13. Pango l in  (Manis) Mounted s p e c i m e n ,  Royal 
Sco t t ish  M useum .
The p resen ce  or absence of rh inaria l sk in  at the an terior  
end of th is  ex ten sion  is  not known. The tongue is  capable  
of being protruded to a r e la tiv e ly  enorm ous length .
Pangolin
(M am s)
E longation  of the snout is  not a m arked feature o f the 
Pangolins (F ig . 13), but, despite the apparent ab sen ce of 
rh in aria l t is su e  on the m ounted sp ec im en  show n, O sm an  
H ill (1948) s ta te s  that there is  a r im  of rh inaria l sk in  on 
both the upper and low er  l ip s . The rem ain ing sk in  o f  
the snout is  h a ir le s s  but is  o f a tough, th ick  type.
c a r n i v o r o u s  s p e c i e s
C arnivorous sp e c ie s  are a lm ost a ll found in one 
O rder, the C arn ivores, and there is  r e la t iv e ly  lit tle  
varia tion  o f the snout and lip s . C onsideration  of the 
C arn ivores is  th erefore lim ited  to a deta iled  exam ination  
of a few  sp e c ie s  and b r ie f  com m ents on s e v e r a l o th ers . 
The m ore read ily  availab le C arn ivores are d isc u sse d  
f i r s t .
D om estic  Cat 
(F e lis  d om estic  u s)
T hree fre sh  dead sp ec im en s w ere exam ined and 
d issec te d . T here is  strong s im ila r ity  o f the snout 
fea tu res of a ll the Cat fam ily  and the D om estic  Cat m ay  
be regard ed  as a type sp ecim en . T here is  m uch le s s  
rh in aria l sk in  than in the other te r r e s tr ia l  C arn ivores.
It is  p resen t around the n o s tr ils  and in a narrow  
philtrum  in the shape o f a "T" (F ig . 14). The sa g itta l 
m idline groove extends from  the in tern aria l reg ion  
down to notch the border of the lip . The Cat has a 
w ell developed v ib r is sa l sy stem .
W ithin the mouth the dentition show s com plete  
adaptation to the carn ivorous pattern . A n ter ior ly  the 
la b ia l su lcu s is  shallow  but the entire upper lip  and the
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Fig .  15. Cat ,  showing d i s t r ib u t io n  of m u s c u l a t u r e  on
the i n n e r  a s p e c t  of the l ip.
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n ares are flex ib le , m obile stru c tu res . T here is  no 
bulging or ridging o f the su lcu s su g g estiv e  o f a frenum .
When the m u cosa  o ver  the roots o f the a n ter ior  teeth  
is  in c ise d  and re flec ted  upwards as far as the lip  m argin  
(F ig . 15) it is  found that a fibrous ligam en t extends from  
the a lv eo la r  p r o c e ss  upwards and outwards to the edge  
of the lip . A r isin g  from  th is ligam en t is  a pa ired  
m u scle  which cu rves upwards and la te r a lly  to m ingle  
with the O rb icu laris o r is  m u scle  and then the v ib r is sa l  
m u scu la tu re. T his m u sc le  is  analagous to the 
In c isivu s su p er io r is  m u sc le  of the h igher P r im a tes .
The cen tra l portion of the lip  deep to the philtrum  is  
a lm ost devoid of m u sc le . Deep to the In c isivu s  
su p er io r is  m u scle  is  a sm a lle r  m u sc le  extending  
upwards to the underside of the snout. T his is  
analagous to the D ep resso r  sep ti n asi m u sc le  o f the 
h igh er P r im a tes .
On the la tera l a sp ects  of the upper lip  the bulky  
v ib r is sa l m usculature (M. M a x illo -n a so -la b ia lis  and 
M. N a so - la b ia lis )  form s the m ain substance and, 
togeth er with the v ib r is sa l in sertio n s .accounts for the 
ch a ra c ter is tic  bulging of the upper lip . By partia l
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contraction  of th ese  m u sc le s  the Cat can e r e c t  the 
v ib r is sa e . F u rther contraction  r a ise s  the lip  as in  
sn arlin g .
D om estic  Dog 
(C am s d om esticu s)
Two d istin ct types of snout are found in D ogs. M ost 
b reed s o f d om estic  Dog have a long snout but a few  have 
a reced in g  snout. Four sp ec im en s o f a lon g-sn ou ted  
b reed  (Greyhound) and one sp ecim en  o f a r e c e s s iv e ­
snouted type (Bulldog) w ere exam ined.
Greyhound
T here is  an ex ten sive  rhinarium  occupying the 
a n ter ior  portion of the snout (F ig . 16). It protrudes  
slig h tly  in  front o f the upper in c iso r  teeth . The upper 
lip  extends a c r o ss  betw een the rhinarium  and the o ra l 
m u cosa  as a narrow  h a ir -co v ered  str ip  in terrupted  only  
by the m id line sa g itta l groove. When put under la te r a l  
ten sion  th is groove is  see n  to be a sha llow  o n e , devoid  
of h a ir . The m y sta c ia l v ib r is sa e  are much reduced in  
num ber com pared to the Cat and the two h a lves o f the 
upper lip  are thin, flabby stru ctu res  e a s ily  re flec ted  
upwards to expose the teeth . When th is is  done (F ig . 17), 
a su p er ior  lab ia l frenum  can be see n  extending from  high
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F ig .  16. Dog (Canis  dom. ) Greyhound .
F ig .  17. Greyhound.  U pper  l ip  r e f l e c te d .
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F ig .  18. G reyhound ,  showing d i s t r ib u t io n  of the 
i n f r a n a r i a l  m u s c u l a t u r e .
F ig .  19. Bulldog, showing in n e r  a s p e c t  of the l ip .
up on the a l v e o l a r  p r o c e s s  above the i n c i s o r s  upw ards  
and outwards to the inner a sp ect o f the lip  w here the 
re flec tio n  o f the m u cosa  onto the floor  of the su lcu s  
b eg in s . A long the a n ter ior  border of the frenum  there  
i s  a narrow  r a ised  portion  and on each  sid e there is  a 
seco n d a ry , sm a lle r  fold of m u cosa .
A fter  the m u cosa  is  in c ised  and re flec ted  off the 
a lv eo la r  p r o c ess  (F ig . 18), the frenum  is  se e n  to be a 
m u scu lar  structure excep t for the a n ter ior  r a ise d  edge 
which is  com posed  o f a fibrous ligam en t extending from  
the p rem a x illa  to the underside o f the n asa l ca rtila g e . 
A ris in g  from  th is ligam en t and a lso  from  the bony r im  
o f the p yriform  fo ssa  is  the In c isivu s su p er io r is  m u sc le  
which extends upwards and outw ards, with the su p er ­
fic ia l fib res c ro ss in g  the floor  of the su lcu s to in te r ­
m in gle with the O rb icu laris o r is  m u sc le . The deeper  
fib res  becom e attached to the alae of the n asa l ca rtilage  
and appear to be analagous to the N a sa lis  m u sc le  of the 
Strep sirh in e P r im a tes  (L ig h to lle r , 1934). Deep to the 
In c isiv u s su p er io r is  and N a sa lis  m u sc le s  is  another  
m u sc le  a r is in g  from  the r im  of the pyriform  fo ssa  to 
p a ss  to the underside of the cen tra l body of n asa l 
ca r tila g e . T his r esem b les  the D ep resso r  sep ti n asi
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m u sc le  of the P r im a tes . Its d ista l edge is  la te r a l to 
the In c isiv u s su p er io r is  m u sc le  and form s the secon d ary  
fold  o b served  on the side of the frenum .
The O rb icu laris o r is  m u sc le  form s a sm a ll group  
o f fib res  extending a c r o ss  the m id line o f the lip  but it 
is  w idely  fanned out a c r o ss  the cheek  w here the fib res  
in term in g le  with the r ib -lik e  tendons of the v ib r is sa l  
m u scu la tu re . The in fran aria l m u sculature o f the Dog 
does not appear to be d escr ib ed  in standard textbooks 
of anatom y (S isso n  & G rossm an , 1961).
B ulldog
The m ost str ik ing  feature of the sp ec im en  exam ined  
w as the lack  of m ob ility  o f the snout and its  p osition  
re la tiv e  to the lo w er  jaw. The rhinarium  is  w ell 
behind the upper in c iso r  teeth  and is  s e t  back a lm ost  
w ithin the p yriform  fo s sa . Inside the mouth (F ig . 19) 
th ere is  a lm ost com plete absence o f a su p er io r  lab ia l 
frenum , with only a tiny fold of m ucosa  m arking the 
m id lin e . T here are ir r e g u la r it ie s  o f the upper 
in c is o r s , a feature com m on to th is b reed  (A itch ison , 1963).
Kinkajou
(P o to s)
One fresh  dead sp ecim en  and one liv e  sp ecim en  
w ere exam ined. S u p erficia lly  the Kinkajou b ea rs  a
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F ig .  20. Kinkajou (P o t o s )
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F ig .  21. Kinkajou,  showing m u s c u l a t u r e  on the i n n e r
a s p e c t  of the l ip.
certa in  resem b lan ce  to the Dog but lack s the prom inence  
o f the rhinarium  and m obility  of the snout cartilage  of 
the lon g-sn ou ted  b reed s (F ig . 20). It has only a few  
v ib r is sa e  and a v ery  narrow , h a ir -c o v e re d  upper lip  
betw een the rhinarium  and the ora l m u cosa . T here is  
a lso  a sh a llow  m id line sa g itta l groove down the lip .
W ithin the m outh, there is  a shallow  lab ia l su lcu s  
with a s lig h t bulge on the inner a sp ect o f the lip  at the 
m id lin e . On d issec tio n  (F ig . 21) it was found that there  
is  a double strand of fibrous t is su e  p a ssin g  betw een the 
a lv eo la r  p r o c ess  and the edge of the lip  and this strand  
ca u ses  the bulging of the lab ia l su lcu s . The In cisivu s  
su p er io r is  m u sc le  a r is e s  partly  from  the a lv eo lar  
p r o c e ss  and partly  from  the cen tra l fibrous strands  
although th is la s t  group of fib res  could be con sid ered  
as part o f the O rb icu laris o r is .
Coatim undi
(N asu a)
Two fresh  sp ec im en s w ere exam ined and d issec te d . 
The Coati is  an aberrant C arnivore with e x c e s s iv e  
elongation  o f the cartilaginou s portion of the snout 
(F ig . 22). T his flex ib le  ex ten sion  c a rr ie s  a v ery  large  
rhinarium  with the n aria l openings and an terior
40.
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F ig .  22. C oat im undi  (N a s u a ) . Young s p e c i m e n  with
p e r m a n e n t  u ppe r  canine te e th  not ye t  e ru p te d .
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F ig .  23. C oat im und i ,  showing d i s s e c t io n  of the 
unde rs ide  of the snout.
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rh in aria l su rface  facing obliquely  downwards. On the 
underside o f the snout the hairy lip  extends over  the 
whole su rface  without any m idline groove or philtrum . 
V ib r issa e  are only p resen t in a few  sca ttered  groups. 
The dentition is  of in tere st s in ce  the carn ivorou s  
cen tra l in c iso r s  have been rep laced  by teeth  m ore  
spatulate in shape. The two young sp ec im en s  
exam ined  both had large, unerupted , upper canine teeth  
and the m ola rs  had a quadrate shape m ore typ ica l o f  
in sectiv o ro u s  m o la rs . The diet of the Coati inclu des  
not only f le sh  but a lso  in se c ts  and fruit.
T here is  a lm ost no lab ia l su lcu s in the C oati and no 
evidence of a frenum . When the hairy sk in  on the 
underside of the snout is  re flec ted  back (F ig . 23) the 
distribu tion  of the O rb icu laris o r is  m u scle  is  
rem in iscen t of that in the Hedgehog although fib res  
d ecu ssa te  a c r o ss  the m idline in the Coati. The 
cartilag in ou s ex ten sion  supporting the snout is  a lso  
rem in iscen t of that in the Hedgehog.
Other S p ec ies  
S evera l carn ivorous sp e c ie s  show  sp e c ia lisa t io n  
re la ted  to an am phibious or aquatic e x is ten ce . The
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O tter (L utra) has a deep spatulate m u zzle with a much  
reduced  rhinarium  situated  near the upper a sp ect o f the 
m u zz le . T here is  no philtrum  or sa g itta l groove  
p resen t. The P innepedia have lit tle  or no rh inaria l 
sk in  and have s l i t - l ik e  va lvu lar n o s tr ils  on top o f a 
h a ir -c o v e re d  m u zz le . A sa g itta l groove is  p resen t, 
how ever j and the v ib r is sa e  are even  m ore hypertrophied  
than in the O tter. The B adger (M ele s) and Racoon  
(P rocyon ) a lso  lack  a cen tra l groove although both have 
a la rg e  rhinarium .
The rem ain ing C arn ivores appear to bear a fa ir ly  
c lo se  resem b lan ce  to one or other of the sp e c ie s  
d escr ib ed . The great m ajority  have a prom inent 
rhinarium  resem b lin g  that of the Dog togeth er with a 
s im ila r  type of h a ir -co v e  red upper lip . There appears  
to be a variab le  depth of lab ia l su lcu s as far as can be 
a scer ta in ed  from  availab le m a ter ia l. V ib r issa e  are  
u su ally  p resen t, being much reduced only in the B ea r s . 
One varia tion  ob served  in the Sloth B ear (M elu rsu s) by  
P ocock  (1914b) appears to be unique am ong the 
C arn ivores and c o n s is ts  of an en larged  m obile  
rh inariu m , which form s the cen tra l part o f the upper lip , 
and a protruding, m obile low er lip . The Sloth B ea r  has 
a sp e c ia lise d  diet of in sec ts  and honey.
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HERBIVOROUS SPECIES 
The m em b ers of s e v e r a l O rders are included in  the 
h erb iv o res . T hese O rders are the A rtiod acty la , 
P e r isso d a c ty la , S iren ia , Rodentia and Lagom orpha.
A rtiodactyla  and P e r is  so  dactyla  
V ariations o f the snout and upper lip  in  th ese two 
O rd ers m ay be grouped into two d iv is io n s. In the 
f ir s t  group, upper in c iso r s  have been  lo s t  and are  
rep laced  by a hard pad o f fibrous connective tis su e  
covered  by m u cosa . T here is  a lm ost no su lcu s  
betw een  the an ter ior  border of th is chew ing pad and 
the edge o f the upper lip . The lip  i t s e l f  is  firm ly  
attached to the underlying bone and is  not m obile  to 
any extent. In the second  group, a wide v a r ie ty  of 
feeding m ech an ism s have been  evo lved . In som e  
s p e c ie s  both the upper and low er lip s  play an 
im portant part while in  o thers it is  the snout it s e lf  
which is  predom inant.
Ruminants
A rtiod acty les show ing the f ir s t  type o f arrangem ent 
form  a fa ir ly  c lo se ly  re la ted  s e r ie s ,  the rum inants 
(T ragu lid ae, B ovidae and C ervidae). In the sp e c ie s  
to be d escr ib ed , exam ination of liv e  or fresh  dead
sp ec im en s has b een  made w herever p o ss ib le  but use 
has been  m ade of m ounted sp ec im en s for photographic 
p u rp o ses . The p rincip a l variation  o b served  in the 
snout stru c tu res  of the rum inants is  the amount o f  
rh inarium  p resen t. A ccord in g ly , the com m on  
v aria tion s a r e , for con ven ien ce, divided into four 
c la s s e s  and only a b r ie f  d escrip tion  is  g iven  o f a type 
s p e c ie s  for each  c la s s .
In the f ir s t  group, the rhinarium  is  v e ry  broad  
and extends o ra lly  to form  the cen tra l part of the lip  
without la te r a l contraction . The portion at the edge 
of the lip  is  th erefore  a lm ost as broad as the tr a n s-  
n aria l portion . The M usk D eer (M oschus m osch ifero u s)  
i s  typ ica l (F ig . 24) and a lso  the C hevrotains 
(T ragu lid ae). A ll the sp e c ie s  with th is pattern of 
rhinarium  have upper canine teeth  and la ck  horns or  
a n tler s . They are a lso  the sp e c ie s  show ing the lo w est  
le v e l o f gen era l developm ent am ong the rum inants.
In the second  group there has been som e la tera l  
encroachm ent of h a ir-b ear in g  sk in  on the rh inarium , 
thus producing a broad philtrum . The lip  portion of  
the rhinarium  is  th erefore m ore narrow  than the 
tran sn aria l portion. The Swamp D eer (C ervis  
duvauceli) has th is arrangem ent (F ig . 25) as do m any
F ig .  24. Musk D e e r  (M oschus  m o s c h i f e r o u s ). M ounted
s p e c im e n ,  Royal Sco t t i sh  M u se u m .
F ig .  25. Swamp D e e r  (C e r v i s  d u v a u ce l i ). Mounted
s p e c im e n ,  Royal Sco t t i sh  M useum .
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F ig .  26. Spr ingbuck  (A n t id o rc a s  m a r s u p i a l i s ) . Mounted 
s p e c im e n ,  Royal Sco t t i sh  M useum .
F ig .  27. H a r t e b e e s t  (Bubal i s  c a m a ). Mounted s p e c i m e n ,
Royal Sco t t i sh  M useum .
Fig .  28. Addax (Addax n a s o m a c u l a t u s ). Mounted
s p e c i m e n ,  Royal  Sco t t i sh  M useum .
F ig .  29. C a m e l  (C am e lu s  b a c t r i a n u s ). Mounted
s p e c im e n ,  Royal Sco t t i sh  M u seu m .
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of the C ervid ae. The Ox (B o s ) is  a lso  included in th is  
group.
In the third group, the rh inaria l philtrum  is  
reduced to a narrow  sag itta l s tr ip  and the rh inaria l 
sk in  around and betw een the n ares is  a lso  d im inished  
to g ive a "T" shaped distribution  as in the Springbuck  
(A ntidorcas m a r su p ia lis ) (F ig . 26). A lm ost a ll the 
G a zelles  (G azellae) and a ll the Sheep (Ovidae) show  
th is arran gem en t. V ariations m ay o ccu r , e .g .  
H arteb eest (B ubalis cam a) , (F ig . 27) where the area  
around the n ares is  lo s t ,  leav in g  a cen tra l zone only.
In the fourth and final group, the rh inaria l sk in  is  
reduced to a sm a ll patch betw een the n ares as in the 
Addax (Addax nasom aculatus) (F ig . 28) or form s such  
a s lig h t lab ia l ex ten sion  of the oral m u cosa , as in the 
R ein d eer(R angifer) , that it is  v ir tu a lly  absent, thus 
giving a com plete h a ir -co v ered  snout and upper lip .
Another variation  found in the rum inants is  the 
am ount o f protrusion  of the upper jaw in front of the 
lo w er  jaw. This protrusion  m ay be a m a ssiv e  one 
as in the North A m erican  M osse (W apiti) but m ost of 
rum inants have an arrangem ent s im ila r  to the Ox 
where the low er jaw extends a lm ost as far forw ards as 
the upper jaw and the snout has a broad flat an terior
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s u r f a c e ,  enab l ing  the lo w e r  i n c i s o r  t e e th  to be used  
in  cropping herbage at ground le v e l . The low er  lip  
appears to play little  part in the feeding p r o c e ss  and 
the tongue is  the ch ie f m eans o f drawing food into 
the m outh (H afez, 1962).
O th e r  V a r ia t io n s  in the Jaw s  of
A rtiod acty les and P e r isso d a c ty le s  
O ther varia tion s o f the jaws in th ese  O rders are  
roughly those where the lip s  are im portant functional 
organs and th ose where the snout is  predom inant, 
b ecom in g  of in crea sed  im portance in  the loca tion  and 
se iz u r e  of food.
D evelopm ent of the L ips  
H orse  
(Equus)
The m o st fa m ilia r  exam ple of a sp e c ie s  show ing  
developm ent of the lip s  as im portant functional organs  
is  the H orse . The n ares are p roxim al to the m ost  
a n ter io r  part o f the m u zzle  so  that the upper and 
lo w er  lip s  are the f ir s t  part of the head to com e into  
contact with an object under in vestigation . T actile  
se n s it iv ity  of the lip s  in the H orse is  th erefore  highly  
developed and the lip s th em se lv es  are capable of a 
wide range of m ovem ent including p rotrusion . In 
a sso c ia tio n  with th is in crea sed  lip  a c tiv ity  there are  
r e la t iv e ly  deep lab ia l su lc i sep arating  the lip s  from  
the a lv eo la r  p ro cess  supporting the teeth . D esp ite  
a com m ent by S isso n  and G rossm ann (1961) that frena
are p resen t in  the H o r se , no ev idence to support th is  
could be found in  s ix  liv e  sp ec im en s exam ined. 
E x tern a lly  the rhinarium  has d isappeared  en tire ly  
and the snout is  co vered  by sk in  with fine short h a irs  
sca ttered  over  it.
Okapi and G iraffe  
(Okapia and G iraffa)
The Okapi a lso  show s hypertrophy o f the lip s  but 
s t i l l  has a narrow  rim  of rh inaria l sk in  around the 
n ares w hich, as in  the H o rse , are p laced  proxim al 
to the l ip s . T his p r o c ess  is  ca rr ied  a stage further  
in  the G iraffe where the rh in aria l sk in  has been lo s t  
e n tir e ly , the n ares are w ell behind the lip s  and the 
lip s  th em se lv e s  are r e la tiv e ly  v ery  la r g e , resem b lin g  
sa u c e r -lik e  p ro jection s. They are a lso  highly  
m ob ile p reh en sile  organ s.
L lam a and C am el 
(Lam a and C am elu s)
A s in the G iraffe the n o s tr ils  are prox im ally  
p laced  (F ig . 29) and in  th ese sp e c ie s  are a lso  
reduced to s l i t - l ik e  openings. The lip s  are again  v ery  
m obile and th is capacity  for m ovem ent is  enhanced by  
the upper lip  being partly  divided in the m id line.
During the preh ension  o f food the two h a lves can be 
brought togeth er to aid in th is p r o c e s s .
D evelopm ent of the Snout 
T apir and E lephant 
(T apirus and E lep h a s)
R hinarial sk in  is  p resen t around the ex tern a l 
n ares on the short p ro b osc is  o f the T apir. A ccording  
to O sm an H ill (1948), on the underside o f the 
p ro b o sc is  th ere is  a cen tra lly  grooved philtrum  which  
w idens gradually  as it  extends tow ards the m outh.
In the E lephant, h ow ever, the rh inaria l t is su e  is  
r e s tr ic te d  to a narrow  r im  around each  n o str il and 
the underside of the p ro b osc is  is  com p lete ly  covered  
in  h a iry  sk in . Boyd (1933) s ta te s  that there is  s t i l l  
a rudim entary upper lip  in  the E lephant despite  
hypertrophy o f the snout. The low er lip  has becom e  
adapted so  that it can approxim ate the two h a lves and 
s e iz e  food p a ssed  back by the p ro b o sc is .
Pig
(Su s)
In the P ig  the rhinarium  is  confined to a d isc - lik e  
area  on the tip of the snout (F ig . 30). The rh inaria l
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F ig .  3 1 . P ig . U pper lip  r e f le c te d  to show  s u p e r io r  la b ia l  
f ren u m .
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skin  is  attached fa ir ly  firm ly  to the underlying Os r o str i  
but the upper lip  is  a lo o s e , flex ib le  stru ctu re  e a s ily  
lifted  to show  the teeth . The cen tra l part of the lip  
narrow s down to a thin str ip  sep arating  the rhinarium  
from  the ora l m u cosa  but it is  covered  in fine h a ir s . 
When the lip  is  r eflec ted  upwards (F ig . 31) it show s  
the cen tra l in c iso r  teeth  and, extending betw een them , 
a large  su p er ior  lab ia l frenum  which is  soft and flex ib le .
D isse c tio n  e sta b lish ed  that the O rb icu laris o r is  
m u scle  occu p ies the la te r a l ed ges of the lip  but tow ards  
the cen tra l portion it b ecom es m ingled  with a m a ss  o f  
lo o se  fibrous and fatty t is su e  and appears to d ecu ssa te  
with the opposing fib res a c r o ss  the m id lin e . Two of the 
frena which w ere re la tiv e ly  the sam e s iz e  in a ll four 
sp ec im en s exam ined , w ere fixed and sec tio n ed . This 
show ed that it is  com posed  of a dense m a ss  o f fibrous  
t is su e  running a n tero -p o ster io r ly  (F ig . 32) with sm a ll  
m ucous glands sca ttered  throughout th is m a ss . A few  
e la s t ic  fib res  can be found tow ards the d eep er, m ore  
cen tra l, part o f the frenum . No m u scu lar  t is su e  could  
be identified .
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F ig .  32. P ig . T r a n s v e r s e  s e c t io n  th ro u g h  f r e n u m  show ing
e la s t i c  f ib r e s .  V e rh o e f f 's  e la s t i c  t i s s u e  s ta in ,  x80.
33. R at (R a t tu s)
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Other H erbivorous S p ecies  
Sirenia
The A m erican  M anatee (Manatus a m e r . ) has been  
d escr ib ed  by Murie (1880). The m u zzle  is  blunt and 
rounded, form ing a m a ssiv e  bulging snout which  
com p lete ly  overhangs the low er jaw. This m a ss  is  
covered  with fine h a irs excep t on the an terior  su rface  on 
the upper lip  where there are m any short v ib r is sa e . The 
M anatee has lo s t  the rhinarium  en tire ly  and a lm ost a ll the 
teeth  as w ell. It is  unusual in having an upper lip  which  
is  the so le  m eans of gathering food. The upper lip  
c o n s is ts  of two highly m obile halves which can be brought 
togeth er to s e iz e  the w ater w eeds form ing its  d iet. The 
lip  then c a r r ie s  them  into the mouth.
Rodents
D esp ite  the large  num ber of sp e c ie s  in th is O rder  
there is  only a lim ited  range of varia tion  of the snout and 
upper lip  (P ocock , 1926). The Rat (R attus) is  th erefore  
d escr ib ed  as a type sp e c ie s  for the O rder.
Rat
The rhinarium  is  not so  ex ten sive  as in , for exam p le , 
the Dog and there is  only a v ery  shallow  cen tra l sa g itta l
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groove of the lip  (F ig . 33). The h a ir -c o v e re d  lip  
extends m e s ia lly  to sep arate  the rhinarium  from  the 
mouth but it is  bound down to the a lv eo la r  p r o c ess  with  
a consequent absence of lab ia l su lcu s an ter ior ly .
T here are num erous long v ib r is sa e  over  the an ter ior  
su rface  of the lip . The lip  edges curve upwards as  
they approach the m idline thus exposing the large  
cen tra l in c iso r  teeth . D issec tio n  o f two sp ec im en s  
esta b lish ed  that the O rb icu laris o r is  does not d ecu ssate  
a c r o ss  the m idline but is  attached to the th ick fibrous 
raphe underlying the philtrum . The v ib r is sa l  
m usculature is  a prom inent feature o f the la tera l a sp ects  
o f the lip .
Lago m orphs
The L agom orphs a ll appear to have a lip  a rra n g e­
m ent s im ila r  to that in the Rabbit (O ryctolagus). 
Su p erfic ia lly  (F ig . 34), there is  a lm ost no rh inaria l 
skin  v is ib le  and only on c lo se  in sep ction  is  it p o ss ib le  
to se e  a sligh t r im  at the m e s ia l asp ect of each n o str il. 
The upper lip  is  w ell supplied with long v ib r is sa e .
When the upper lip  is  Stretched la te r a lly  (F ig . 35) 
the two halves of the lip  can be read ily  sep arated .
F ig . 34. R abb it (O ry c to lag u s )
F ig .  35. R abb it ,  showing s p l i t  u pper  lip  and  the
d is t r ib u t io n  of the underly ing  m u s c u la tu re
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D eep to the lip  there is  a la y er  o f m ucosa covering  
the a lv eo la r  p ro cess  above the teeth . T his sh eet is  
re flec te d  off the a lv eo la r  p ro cess  and onto the inner  
a sp ect of the lip  just above the d ista l edge of the 
cen tra l in c iso r . The cen tra l portion of m ucous  
m em brane is  only lo o se ly  attached and can be read ily  
m oved. On each sid e of the septum  there is  a sm a ll 
m a ss  com posed  of folds of rh inaria l sk in , f ir s t  
d escr ib ed  by O sm an H ill (1948). The free m e s ia l  
b ord ers of the lip  have a fold of m ucous m em brane  
running from  the upper asp ect of the free edge to 
each  sid e  of the n asa l septum .
When the su p erfic ia l t is su e s  are d issec te d  off 
(F ig . 35) it is  found that th is fold of m em brane co v ers  
a strand of m u sc le  which extends up to the septum . 
T his strand is  part of the term in a l portion o f the 
Quadratus lab ii su p er io r is  m u scle  (Young, 1957).
A deeper part o f the m u scle  continues h orizon ta lly  
a c r o ss  the m idline to d ecu ssate  with the fib res  of the 
other s id e . The in sertio n s o f the v ib r is sa e  form  the 
bulk of the la te r a l bu lges o f the upper lip  and are  
activated  by the O rb icu laris o r is  and Quadratus lab ii 
su p er io r is  m u sc le s .
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OMNIVOROUS SPECIES 
O m nivorous sp e c ie s  are found a lm ost en tire ly  in one 
O rd er, the P r im a tes . Some of the low er P r im a tes  are  
in sectiv o ro u s  rather than om nivorous but it is  convenient 
to group them  with the other P r im a tes . The princip a l 
d iv isio n s o f the O rder (Osm an H ill, 1953) are b ased  on  
the rela tion sh ip  o f the rhinarium  and philtrum  to the 
upper lip . In the S trepsirh ine or low er P r im a tes  th ere  
is  p e r s is te n c e  o f the philtrum , with the upper lip  thus 
being in terrupted  in the m id line and bound down to the 
a lv eo la r  p r o c e s s . In the H aplorhine or h igher P r im a tes  
th ere is  no rh in aria l sk in  and the upper lip  form s an 
unbroken, h a ir -c o v e re d  str ip  which can be re flec ted  
away from  the a lv eo la r  p r o c ess  due to the p resen ce  of 
a deep lab ia l su lcu s .
Strepsirh ine P r im a tes  
O sm an H ill's  (1953) theory of c la ss if ic a tio n  is  
fo llow ed (F ig . 36).
D em idoff's Galago 
(H em igalago d em id offii)
One fre sh  sp ecim en  was exam ined (F ig . 37). 
D em idoff's Galago d iffers s lig h tly  from  m ost of the
Daubentoniidaeindriidae
Common Strepsirhine Stem
F ig . 36. T heory o f c la ss if ic a tio n  o f the S trep sirh in e
P r im a tes . Redrawn from  W. C. O sm an H ill's  
" P rim ates" . V ol. .1 , 1953.
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F ig .  37. D em id o ff 's  Galago (H em ig a lag o  d e m id o f f i i ).
cms.
F ig .  38. M oholi Galago (G alago s e n e g a le n s i s  m o h o li) .
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F ig .  39. Moholi G alago . T r a n s v e r s e  s e c t io n  of u p p e r  
l ip .  The s u p e r f ic ia l  m id lin e  v e r t i c a l  g roove  
is  a t  the top of the fie ld . The t r a n s v e r s e  
m u sc le  f ib re s  fo rm  a n a r r o w  band  with 
v e r t i c a l  f ib r e s ,  s u p e r f ic ia l  to th is  band , on 
e i t h e r  s ide  of the m id l in e .  x32.
o t h e r  L o r i s o i d s  in having a m o r e  p r o m i n e n t  snout.
T here is  a large  rhinarium  with an elongated philtrum  
which broadens gradually as it approaches the 
rh inarium . A sag itta l groove extends along the philtrum . 
The upper lip  is  firm ly  teth ered  to the a lv eo la r  p r o c ess  
with a consequent absence of lab ia l su lcu s in the m id lin e . 
The philtrum  ends at the sm a ll in c is iv e  papilla  situ ated  
in  the d iastem a betw een the sm a ll, co n ica l, cen tra l 
in c iso r  teeth . Sectioning of the lip  in a tra n sv erse  
plane show s that there is  a fibrous raphe underlying  
the philtrum  with m u scle  fib res a r isin g  from  e ith er  
s id e  o f the raphe and extending d ista lly .
Moholi Galago 
(Galago sen eg a le n s is  m oh oli)
One fre sh  dead and two liv e  sp ecim en s w ere  
exam ined . In the M oholi Galago the philtrum  is  
absent (F ig . 38) and the lip  is  divided only by a sha llow  
m idline groove which is  a continuation of the in tern aria l 
g roove. The lip  is  firm ly  attached to the a lv eo la r  
p r o c e ss  with absence of a lab ia l su lcu s an ter ior ly .
When the sp ecim en  was sec tio n ed  tr a n sv e r se ly  
(F ig . 39) m u sc le  fib res are found extending a c r o ss  the
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m idline while som e d ecu ssate  with those from  the other  
s id e . S u perficia l to these f ib re s , on e ith er  s id e  of the 
m id line are a few  groups of v e r t ica lly  p laced  m u sc le  
f ib r e s , cut tra n sv erse ly .
Slow L oris  
(N y cticeb u s)
-One fre sh  postm ortem  sp ec im en  was exam ined  
(F ig . 40). The large  rhinarium  extends o ra lly  as a 
wedge of tis su e  before narrow ing into a true philtrum . 
The philtrum  extends palata lly  as far as the in c is iv e  
pap illa  but unlike previous sp e c ie s  the lip  can be 
re flec ted  p a rtia lly , due to the p resen ce  of a short  
su p er io r  lab ia l frenum . This frenum  is  form ed by 
the palatal exten sion  of the philtrum  and the sa g itta l 
groove continues into the frenum  giving a double strand  
of t is s u e . The sm a ll cen tra l in c iso r s  are m uch c lo se r  
togeth er  than in previous sp e c ie s .
T ra n sv erse  section in g  show s that the frenum  does 
not contain m u scle  f ib re s , only a lo o se  m a ss  of fibrous 
connective t is s u e , running a n tero -p o ster io r ly . A 
sec tio n  taken above the le v e l of the frenum  show s the 
cen tra l, h a ir - fr e e , ph iltra l region  (F ig . 41), with a few  
sca ttered  tra n sv erse  m u scle  f ib re s , cut longitudinally , 
ly in g  deep to it . Deep to th ese m u scle  stra n d s, the
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F ig . 40. Slow L o r i s  (N y c t ic e b u s )
F ig .  41. Slow L o r i s .  T r a n s v e r s e  s e c t io n  of u p p e r  
l ip .  C en tre  of lip  is  s l ig h t ly  to the le f t  of 
the fie ld . The c e n t r a l  wedge of dense  f ib ro u s  
t i s s u e  ex tends  s u p e r f ic ia l ly  to w a rd s  the 
su r fa c e  of the lip  and only a few t r a n s v e r s e  
m u sc le  f ib re s  can  be t r a c e d  a c r o s s  the  
m id lin e .  x32.
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cen tra l part of the lip  is  occupied m ain ly  by a dense m a ss  
of fibrous t is su e .
L em urs
A ccording to O sm an H ill (1953), M ouse L em urs  
(C heirogaleinae) and L em urs (L em urinae) a ll have a 
w ell-d ev e lo p ed , grooved philtrum  which binds down the 
upper lip  and there is  apparently no su p er ior  lab ia l 
frenum . The snout tends to be m ore protruded and in  
the L em urs is  not unlike that of a lon g-sn ou ted  Dog.
The A ye-A ye (Daubentonia) is  quite d ifferent from  
the L em u rs in  that it  has la r g e , ro d en t-lik e , cen tra l 
in c is o r s . O sm an H ill (1953) s ta te s  that it has a narrow , 
m uch reduced rhinarium  with a thin philtrum  which ends 
as a short su p erior  lab ia l frenum  p assin g  betw een the 
cen tra l in c is o r s . Some ev ers io n  of the lip  is  sa id  to be 
p o ss ib le .
Indris 
(Propithecus diadem a)
One w et-p reserv ed  foetal sp ecim en  was exam ined  
togeth er  with three dried sp ec im en s. The m ain  
v aria tion  betw een the foeta l and the dried sp ec im en s was 
the ab sen ce o f teeth  in the foetu s. In the adult anim al 
the cen tra l in c iso r s  are la r g e , spatulate teeth  v ery  
n early  in contact at th eir  m e s io - in c is a l ed g es.
S u p erfic ia lly , although the Indris s t i l l  has a 
rhinarium  and philtrum , th ese  are v ery  m uch reduced  
in  extent. The profile  and gen era l fa c ia l appearance  
resem b le  those of the Haplorhine P r im a tes  rather than 
the L em urs and there is  a g rea ter  degree of 
d ifferentiation  of the lip  m u scu latu re. C onsequently, a 
w ider range of lip  m ovem ent is  p o ss ib le  (O sm an H ill, 
1953). A sh ort su p er ior  lab ia l frenum  is  sa id  to be 
p resen t.
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Haplorhine P rim ates  
Man should be placed with the H aplorhine or higher  
P rim a tes  but in v iew  of the uniform ity of the findings 
in the H aplorhines and the uniqueness of the human 
varia tion s he is  consid ered  sep a ra te ly .
T a rs ie r
(T a r s iu s )
One w et-p reserv ed  sp ecim en  was exam ined. The 
T a r s ie r  alone am ong the H aplorhines s t i l l  has a narrow  
rim  of rh in aria l sk in  around the nares (F ig . 42). A part 
from  th is reg ion , how ever, h a ir -co v ered  skin  extends  
over  a ll the snout and upper lip . The upper lip  has 
no philtrum  or groove to indicate the m idline and there  
is  no notching o f the edge o f the lip . There is  a deep  
la b ia l s u lc u s , but in the one sp ecim en  availab le there  
did not appear to be a su p erior  lab ia l frenum . P ocock  
(1918) and O sm an H ill (1955) both state  that a sm a ll  
frenum  is  found high up in the su lcu s . This m ay have 
b een  lack ing in the sp ecim en  exam ined due to d istortion  
o f the t is s u e s  a fter  m any y ea rs  in p reserv in g  flu id. 
L ig h to ller  (1934) s ta te s  that the le v e l o f m u scu lar  
developm ent of the upper lip  in the T a r s ie r  is  m uch the 
sam e as in the L em u rs.
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F ig .  42. T a r s i e r  (T a r s i u s )
72.
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F ig .  43. T ufted  M a rm o se t  (H apale  j a c c h u s )
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F ig .  44. T ufted  M a rm o se t .  T r a n s v e r s e  s e c t io n  of 
u p p e r  lip .  S u p e rf ic ia l  su r fa c e  a t the top 
of the fie ld . The f ren u m  o ccu p ie s  the lo w e r ,  
m o re  c e n t r a l  a r e a .  T r a n s v e r s e  f ib re s  of 
the O r b ic u la r i s  o r i s  m u sc le  fo rm  a w e ll-  
defined  band c r o s s in g  the m id line  without 
in te r ru p t io n .  The f ib re s  of the In c is iv u s  
s u p e r io r i s  m u sc le  w ithin the f ren u m  ex tend  
to w a rd s  the O r b ic u la r i s  o r i s  f ib r e s .  x32.
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Tufted M arm oset
(Hapale jacchus)
One fresh  dead sp ecim en  was exam ined . The 
p rofile  o f the Tufted M arm oset is  typ ica lly  H aplorhine  
(F ig . 43). The n o str ils  are surrounded by an area  of 
dark skin  with only a scan ty  d istribution  of h a irs but 
th is  is  not m o ist rh inaria l t is s u e . The upper lip  is  
s t i l l  a fla t, thin structure with just a su ggestion  o f a 
v e r t ic a l indentation at the m idline but no rea l groove.
When the upper lip  is  re flec ted  (F ig . 43), a sm a ll  
su p er io r  la b ia l frenum  is  v is ib le  a r is in g  from  the 
a lv eo la r  p r o c ess  above the cen tra l in c iso r s  and p a ssin g  
outwards to the inner asp ect of the lip . On section in g  
in  a tr a n sv e rse  plane (F ig . 44) som e m u scu lar  t is su e  
can be iden tified  within the frenum . T his is  probably  
the In c isiv u s su p er io r is  m u sc le  (L ig h to ller , 1934).
The O rb icu laris o r is  m u scle  is  s t i l l  a r e la t iv e ly  feeb le  
stru ctu re .
Spot N ose Monkey 
(C ercopithecus n ictan s)
One fre sh  dead sp ecim en  was exam ined (F ig . 45). 
The n aria l openings are reduced to s l it - l ik e  ap ertu res. 
S u p erfic ia lly , there is  a deep upper lip , giving a
75.
cms
F ig .  45. Spot Nose M onkey (C e rc o p i th e c u s  n ic t a n s )
cms.
F ig .  46. Spot N ose M onkey, show ing the a t ta c h m e n t  
of the In c is iv u s  s u p e r io r i s  m u sc le  to the 
f ib ro u s  p o r t io n  of the s u p e r io r  la b ia l  f r e n u m .
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bulbous appearance to the mouth. There is  com plete  
ab sen ce of any cen tral groove. Inside the mouth the 
in c is o r s  show  only partia l p ro g ress io n  tow ards the 
typ ica l Haplorhine d istribution  o f four spatulate  
in c is o r s  grouped together in contact with each  oth er. 
T here is  a sm a ll, thin, su p er ior  lab ia l frenum  and when 
the m u cosa  is  rem oved  (F ig . 46) the frenum  is  seen  to be 
com posed  of a cen tra l fibrous ligam en t a r is in g  from  the 
edge of the p yriform  fo ssa  and extending upwards and 
outwards to the lip . F rom  th is ligam en t a r is e s  the 
p aired  In c isivu s su p er io r is  m u sc le  which cu rves  
la te r a lly  to m ingle with the O rb icu laris o r is .  T his 
la tter  m u sc le  is  much reduced in s iz e  w here it  c r o s s e s  
the cen tra l part o f the lip .
Baboon
(P ap io )
Two w et-p reserv ed  sp ecim en s o f young an im als  
w ere exam ined  (F ig . 47). The Baboon has the m ost  
protruding snout am ong the H ap lorh in es, with the 
excep tion  of the aberrant P ro b o sc is  Monkey (N a sa lis ). 
The an terior  part of the snout is  covered  in tough, 
a lm ost h a ir le s s  skin  o f a darker colour than the r e s t  
of the m u zzle .
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F ig .  47. B aboon (P a p io ). Young sp e c im e n ,  with 
deciduous den tit ion  s t i l l  p r e s e n t .
F ig .  48. B aboon , showing m u sc le  a t ta c h m e n ts  to the 
a lv e o la r  b o n e .
When the lip  is  r eflec ted  (F ig . 48) a flattened  
su p er io r  lab ia l frenum  is  v is ib le  extending down the 
a lv eo la r  p r o c e ss  as a w edge-shaped  sw ellin g . A fter  
the m u cosa  is  re flec ted  it is  found that the m ost  
an ter io r  portion  of the frenum  is  form ed by a fibrous 
raphe a r is in g  from  the a lv eo la r  p r o c ess  and extending  
up to the an ter ior  border of the n asa l ca rtila g e . The 
In c isiv u s su p er io r is  m u sc le  takes orig in  from  the 
raphe and partly  a lso  from  the a lv eo la r  p r o c e s s . It 
then cu rves la te r a lly  to m ingle with the O rb icu laris  
o r is .  When the In c isivu s su p er io r is  m u scle  is  
d is se c te d  away from  its  or ig in  a few  fib res are found 
p a ss in g  up to the underside o f the n asa l ca rtila g e . This 
is  the D e p r esso r  sep ti n asi m u sc le  (L ig h to ller , 1928). 
The O rb icu lar is  o r is  is  a r e la t iv e ly  bulky structure  
occupying the g rea ter  part o f the lip  and form ing a 
th ick , continuous band around the periphery.
Other H aplorhine S p ecies  
Single sp ec im en s of Macaque (M acaca) and G rivet 
M onkey (C ercop ith ecu s) w ere exam ined  and d issec te d . 
The g en era l d istribu tion  of m u sc le s  appears to conform  
c lo se ly  to that of the Baboon. In tra -o ra l exam ination
7 9 .
o f the two l iv e ,  young sp ecim en s of Chim panzee (Pan) 
and Orang Utan (Pongo) su g g ests  that they too m ay have 
a s im ila r  pattern . This is  confirm ed by L ig h to ller 's  
(1928) d escr ip tion s o f d is se c tio n s . It would appear 
th erefo re  that th ere is  con sid erab le  s im ila r ity  o f the 
fea tu res of the upper lip  in the H aplorhines and the m ain  
v ar ia tio n  is  in  the le v e l  of m u scu lar  developm ent ach ieved .
80
MAN
The deta iled  anatom y of m ost of the stru ctu res  
form ing the human upper lip  has been  w ell docum ented  
(L ig h to ller , 1925; Cunningham, 1964; G ray, 1964) and 
the p resen t in vestiga tion  is  lim ited  to con sid eration  o f  
m orp h ologica l varia tion s found in Man alone am ong the 
H aplorhine P r im a tes . T hese varia tion s include a 
fibrous su p er io r  la b ia l frenum , the so -c a lle d  p h iltrum , 
w ith its  two flanking v e r t ic a l r id g e s , the v erm ilio n  
bord er of the lip  and the lab ia l tu b erc le .
Superior L abial Frenum
In m ost adults the su p er io r  lab ia l frenum  c o n s is ts  of 
a sm a ll fold of m u cosa  high up in the la b ia l su lc u s . This 
is  not the ca se  in  in fan ts, how ever, (F ig . 49) in whom  
the frenum  is  r e la tiv e ly  m uch m ore prom inent. It 
frequently  notches the c r e s t  o f the a lv eo la r  ridge as it 
p a sse s  back to end at the in c is iv e  pap illa . At its  
junction with the lip  it b eco m es a broad, fanshaped  
stru ctu re .
D uring the eruption o f f ir s t  the deciduous and then the 
perm anent in c iso r  teeth  there is  v e r t ic a l developm ent 
of the a lv eo la r  p r o c e ss  but not the frenum , so  that it  
usually  b eco m es le s s  prom inent. A space betw een the
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F ig .  49. H um an in fan t,  l ip  r e f le c te d  to show  la r g e  s u p e r i o r  
la b ia l  f ren u m .
F ig .  50. H um an ad u lt ,  showing p e r s i s t e n c e  of a 
la rg e  th ick  f ren u m  in  a s s o c ia t io n  with 
a m id lin e  sp ace  b e tw een  the c e n t r a l  
in c i s o r  te e th .  An e p i th e l ia l  tag  is  
c l e a r ly  v is ib le  on the a lv e o la r  p r o c e s s  
w h ere  the f ren u m  is  a t ta ch ed .
upper cen tra l in c iso r s  is  often found in a sso c ia tio n  with 
the frenum  up to the age o f 12 - 13 y e a r s . With the 
eruption  of the upper perm anent canine teeth  and 
continuing v e r t ic a l developm ent of the a lv eo la r  p r o c ess  
the sp ace c lo se s  in m ost in sta n ces  and the frenum  
r ec e d e s  s t i l l  further up the a lv eo la r  p r o c e s s . H ow ever, 
th is seq uence of developm ent is  not alw ays found. One 
v aria tion  is  the p e r s is te n c e  of a large  th ick  frenum  
which m ay prevent the lip  being re flec ted  upwards 
(F ig . 50). The ind ividual, in th is in sta n ce , a lso  has a 
bulbous tag o f tis su e  where the free  edge of the frenum  
en ters  the a lv eo la r  p r o c e s s . A s im ila r  but sm a lle r  tag  
is  o cca s io n a lly  found on the free  edge of the frenum  
w here it en ters  the lip . C row ley (1956) has in vestiga ted  
th ese  tags and sta te s  that they are com posed of a core  of 
v a scu la r  fibrous t is su e  of varying density  plus a 
cover in g  of norm al s tra tified  squam ous ep ith eliu m . A 
few  sp ec im en s show a du ct-lik e structure su g g estiv e  o f  
a rudim entary sa liv a r y  gland. He est im a tes  that they  
are found in approxim ately  one out of ev ery  five adu lts. 
A nother type o f variation  found o cca sio n a lly  is  a frenum  
with a sa g itta l g ro o v e , thus giving a double-strand  
e ffec t (F ig . 51).
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F ig . 51 . Human adult, dou b le-stranded  frenum , 
attached low  down on a lv eo la r  p r o c e s s .
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F ig . 52. Human adult, d issec tio n  to show  the 
m u scu lar  d istribution  re la tiv e  to the 
cen tra l bony ridge.
The m ucous m em brane was re flec ted  off the 
a lv eo la r  p r o c ess  and inner a sp ect of the lip  in  three  
stillb o rn  and th ree adult sp ec im en s. Although the 
sm a ll , v e r t ic a lly  p laced m u sc le s  attached to the bone 
w ere d ifficu lt to define in the infants they w ere c le a r ly  
v is ib le  in the adults (F ig . 52). The cen tra l zone o f the 
a lv eo la r  p r o c e ss  is  devoid of m u sc le  although V irchow  
(1924) has d escr ib ed  a s in g le  instan ce of an unpaired, 
cen tra lly  attached m u scle  - the N a sa lis  im par - in  a 
N egro . The fla t, thin sh eet of fib res  a r is in g  from  the 
a lv eo la r  p r o c e ss  on each side of the m idline is  
com p osed  of two m u sc le s . The m e s ia l f ib re s , which  
p a ss  deep to the O rb icu lar is  o r is  m u sc le , are part of the 
N a sa lis  m u sc le  com plex and form  the D e p r esso r  sep ti 
n a si m u sc le  (G ray, 1964). The d ista lly  attached fib res  
curve la te r a lly  to m ingle with the O rb icu laris o r is .
They form  the Incisivu s su p er io r is  m u sc le  which is  
now co n sid ered  to be part of the bony attachm ent o f the 
O rb icu lar is  o r is  (G ray, 1964).
F rena from  the d is sec te d  sp ec im en s and from  four 
other foeta l sp ec im en s w ere next exam ined h is to lo g ica lly  
(F ig . 53). The m u sc le  of the lip  does not invade the 
frenum . B etw een  the m u sc le  fib res and the frenum
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F ig . 53. Human adult. T ra n sv erse  sec tio n  through  
su p er io r  lab ia l frenum . S u perficia l 
su rface  at the top of the fie ld . No m u sc le  
fib res v is ib le .
F ig . 54. Human foetus at 17 w eek s. T ra n sv erse  
sec tio n  of upper lip . The m id lin e , with 
beginnings of a ph iltra l g r o o v e , is  s lig h tly  
to the le ft . The cen tra l reg ion  deep to 
the philtrum  is  devoid of m u sc le  in front 
of the w ell-d efin ed  tra n sv erse  fib res  o f the 
O rb icu laris o r is  m u sc le .
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there is  a zone of lo o s e , v a scu la r , connective t is s u e .  
W ithin the frenum , the fibrous t is su e  is  orien ted  
a n ter o -p o ste r io r ly  along its  long a x is . No e la s t ic  
fib res  could be found in any o f the sp ec im en s when a 
sp e c if ic  sta in  was used.
Ph iltrum  and Param edian  E m in en ces
The nam e "philtrum ", as applied to the fin e m edian  
sa g itta l groove on the human upper lip , is  in co rrec t s in ce  
th ere is  no rh inaria l t is su e  p resen t and Boyd (1933) has 
su g g ested  that the term  "abortive philtrum " be used. 
H ow ever, as the name "philtrum" is  w idely  applied to the 
human it is  accep ted  in th is in vestigation . The philtrum  
in  m ost ind ividuals is  b a re ly  detectable and r e se m b le s  a 
fine v e r t ic a l s c a r  in the centre of the upper lip . It is  
m ade le s s  obvious by the p resen ce  of tw o, s lig h tly  
d ivergen t, v e r t ic a l r id ges la te r a l to the philtrum . T hese  
r id g e s , which end at the verm ilio n  b ord er , are ca lled  the 
param edian em in en ces (Monie and C a c c ia to re , 1962).
T ra n sv erse  sec tio n s  of the upper lip  of a foetus at the 
17th w eek (F ig . 54) show  that the param edian em in en ces  
are p resen t even  at th is ea r ly  sta g e . The philtrum  is  just 
d etectab le a s  a s lig h t groove in the m id lin e . The fib res
o f the O rb icu laris o r is  m u sc le  are w ell defined.
S u p erfic ia l to th ese  fib res but deep to the param edian  
em in en ces are a few , v e r t ic a lly  p laced , m u sc le  stra n d s, 
cut tr a n sv e r se ly . The cen tra l zone im m ed ia te ly  deep to j
I
the philtrum  is  a lm o st devoid of th ese  la s t  f ib re s . j
Monie and C acciatore  (1962) have stud ied  the ]
developm ent of the philtrum  and param edian em in en ces . j 
They have shown that the p h iltra l groove deepens during 
the la te r  prenatal phase and there is  a condensation  
of the connective t is su e  deep to it . T here is  only s ligh t
j
developm ent of the su p er fic ia l v e r t ic a l m u sc le  fib res
|
deep to the param edian em in en ces during th is tim e but 
in  the adult they are m uch m ore obvious. Some fib res  j 
of the O rb icu lar is  o r is  m u scle  are found in the late  
foeta l and adult sp ec im en s c r o ss in g  the m id line without
i|
in terruption  and entering  the param edian em inence o f | 
the o th er s id e .
V erm ilion  B ord er and L abial T ubercle  
The v erm ilio n  border of the lip  is  com posed  of m o d i­
fied  m ucous m em brane v ery  s im ila r  to the o ra l m u cosa  
and, while Man alone am ong the P r im a tes  has such an 
ex ten siv e  m em braneous border of the lip , Duckworth  
(1910) has shown that sev e r a l other sp e c ie s  approach
F ig . 55. Human foetus at 17 w eeks show ing lab ia l 
tu b ercle  portion of the v erm ilio n  b ord er.
F ig . 56. Human infant 7 days a fte r b ir th , show ing  
th ickened pad o f ep ithelium  on the lab ia l 
tu b e rc le .
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the human in th is r e sp e c t. The "Cupid’s bow" appearance  
of the upper lip  is  m ost m arked in infants and there is  a 
defin ite change in the m orphology o f the upper lip  during 
the secon d  y ea r  o f postnatal l if e .
j
The part of the v erm ilio n  border known as the lab ia l 
| tu b ercle  is  a lread y  obvious in a foetus at the 17th w eek  
(F ig . 55), and form s a w ell-d efin ed  cen tra l sw ellin g  
; sep arated  from  the la te r a l portions of the lip  by sh a llow  
a n tero -p o ster io r  g ro o v es . In the suckling  infant 
(F ig . 56), the tu b ercle  m ay becom e en larged  due to the 
form ation  of a th ick  la y er  of s tr a tifie d  squam ous 
: ep ith elium . The th ickened pad of sk in  and the grooves
sep aratin g  the tu b ercle  from  the r e s t  of the v erm ilio n  
b ord er tend to d isappear spontaneously  when the suck lin g  
i  phase is  over  (D annenberg, L eid er  and B a ss , 1958)
l although a p a r tia lly  defined tu bercle  m ay p e r s is t  in
| ind ividuals with a full ev erted  type of upper lip . It is
| th is lo s s  of the lab ia l tu bercle which produces the
change in the shape of the lip  in the infant during the 
secon d  y ea r .
The com bination of v erm ilio n  b ord er, philtrum  and 
param edian em in en ces  give Man a shape o f upper lip  quite 
unlike the r e la t iv e ly  flat upper lip s  of the r e s t  o f the
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H aplorhine P r im a tes . H ow ever, before d iscu ssin g  the 
im p lica tion s of th ese  d istin ctive  fe a tu re s , it is  n e c e ssa r y  
to co n sid er  the developm ent of the upper lip  in m am m als  
g en era lly  and thus ach ieve a b e tter  understanding of the 
fa c to rs  involved .
DISCUSSION
INSECTIVOROUS SPECIES 
Feeding M echanism s  
The f ir s t  problem  is  to try  to e sta b lish  what was 
the arran gem en t o f the snout s tru ctu res  in the ea r ly ,  
u n sp ec ia lised , p lacental m am m als. If th is can be 
done, then it  w ill be p o ss ib le  to determ ine the patterns  
o f evo lu tionary  changes which have taken p lace .
T here is  agreem en t that the ea r ly  p lacen ta l m am m als  
w ere sm a ll, g e n e ra lise d , in sectiv o ro u s crea tu res  
(L u ll, 1948). M odern In sec tiv o res  b ear the g rea tes t  
resem b la n ce  to th ese  ea r ly  m am m als but am ong p resen t  
day sp e c ie s  it is  p o ss ib le  to d istin gu ish  obvious 
sp e c ia lisa t io n s  of the snout and thus to e lim in ate  som e  
sp e c ie s  from  the p o ss ib ility  of having reta ined  the 
p rim itive  arran gem en t. Two such groups are the 
M acrosce lid id ae  and the am phibians L im nogale and 
P o to m o g a le . The p ro b osc is  of the M acrosce lid id ae  
p resen ts  obvious advantages in the location  of p rey  
but is  clearily an ex trem e developm ent of a feature  
com m on to m ost o f the In sec tiv o r e s . S im ila r ly , the 
adoption o f an am phibious mode of life  is  accom panied
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by sp e c ia lise d  adaptations su itab le to th is environm ent. 
Both L im nogale and Potom ogale show  a pattern o f snout 
developm ent which is  found in other am phibious sp e c ie s  
such  as the O tter and the S ea ls . The broad m u zzle  is  
co v ered  with v ib r is sa e  highly sp e c ia lise d  for detecting  
ob jects  in the w ater and even  changes in the w ater  
p r e ssu r e  (H uber, 1930). The n ares are situ ated  on top 
o f the m u zzle  and the rhinarium  is  m uch reduced  in  
extent s in ce  its  ta c tile  function has b een  la r g e ly  taken  
o v er  by the v ib r is sa e .
If there has been  a p e r s is te n c e  o f the p rim itive  snout 
pattern  it m ust th erefo re  be sought am ong the other  
In se c t iv o r e s , although they too m ay show  s p e c ia l­
isa tio n s  and it is  p o ss ib le  that none of the ex istin g  
s p e c ie s  m ay show  the ea r ly  m am m alian  arran gem ent.
The rem ain ing In sec tiv o res  show  two m ain typ es of 
snout. In m o st sp e c ie s  it takes the form  of a 
ca rtila g e-su p p o rted  ex ten sion  in front of the upper 
in c iso r  tee th , with the rhinarium  situated  at the tip  
of the snout and a variab le  amount o f philtrum  linking  
the rh in aria l m u cosa  to the o ra l m u cosa . The other  
form  of snout is  found only in the T ree Shrews in  whom  
the rhinarium  is  situated  d irectly  above the upper
in c is o r s . It extends o ra lly , without obvious la tera l  
contraction , to form  a large  part o f the upper lip .
It s e e m s  reasonab le to conclude that the ea r ly  
m am m als e ith er  p o s se s se d  an elongated , ca rtilage  - 
supported  snout or  a sh o r te r , m ain ly  bon e-su pported  
s tru c tu re . Since the m ajority  of ex ist in g  In sec tiv o res  
have the protruding type of snout it s e e m s  at f ir s t  sigh t  
that th is is  m ore lik e ly  to be the p r im itive  arran gem en t. 
T here is  at le a s t  one argum ent in  favour of th is v iew . 
The T ree  Shrew s are so  near the P r im a tes  in som e  
r e sp e c ts  that s e v e r a l authorities (S im pson, 1945;
■j
Le G ros C lark, 1959) p lace them  with the P r im a tes  
rath er  than with the In sec tiv o r e s . Wood Jones (1929) 
has pointed out that one of the featu res o f P rim ate  
developm ent is  the tendency to r e g r e ss io n  of the snout 
beneath the sk u ll in stead  of being in front o f it . T ree  
Shrew s would seem  to have advanced som e distance  
along th is path. H ow ever, an im portant d istin ction  
is  that it is  the bony stru ctu res of the snout to which  
Wood Jones is  re ferr in g  and in fact the p rotru sion  of 
the bony n asa l com plex  in the T ree Shrews is  no l e s s ,  
r e la t iv e ly , than in other In sec tiv o res  such as the 
H edgehog. The elongation  of the snout in the H edgehog
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is  due to the cartilag in ou s ex ten sion .
As regard s the o lfactory  part o f the b ra in , L e G ros 
C lark (1924b) s ta te s  that there is  som e r e g r e ss io n  in  
i Tupaia com pared to other In sec tiv o res  and the v isu a l
i —  —|
j part o f the brain  in Tupaia show s an advance on that of
i
| the other In sec tiv o r e s . The T ree S h rew s, th er e fo re ,
| m ay have lo s t  som e degree of o lfactory  se n s it iv ity ,
i  although N egus (1956) points out that they s t i l l  have a
! v e r y  e ffic ien t o lfa c to ry  apparatus. An a ltern ative
I p o ss ib ility  to be kept in m ind is  that the other su rv iv in g
I
! In sec tiv o res  show  a high degree of sp e c ia lisa t io n  o f the
I
I
| o lfa c to ry  m ech an ism s and that only the T ree Shrews
j
! have reta ined  the p rim itive  le v e l of o lfactory  sen s it iv ity .j
i
| S ystem atic  stu d ies  of s e v e r a l featu res o f the snout
jj
| have been  undertaken by previous w o rk ers . T hese
1 stu d ies have esta b lish ed  what was probably the pattern
I!
| o f the rh inaria l m a rk in g s , fac ia l v ib r is sa e  and fa c ia l
!|
m usculature in the ea r ly  m am m als.
O sm an H ill (1948) co n sid ers  that the rhinarium  is  an 
im portant ta c tile  m ech an ism  and that the pattern o f  
m arkings on the rhinarium  - the rhinoglyphics - can be 
used  as an a id  in  c la ss if ic a tio n . He has shown that the
s im p le s t  varia tion  is  found in the O possum  (D idelph ys) 
am ong m arsu p ia l m am m als and the T ree  Shrews am ong  
p lacen ta l m am m als. H ow ever, a ll the other In sec tiv o res  
I have r e la t iv e ly  s im p le  rhinoglyphic m ark in gs.
| P ocock  (1914a) has esta b lish ed  that a defin ite ground
j
! plan of the fa c ia l v ib r is sa e  e x is t s .  W here v ib r is sa e  are
j
| reduced  or absent the sp e c ie s  tends to be a h igher d e r i-
| v itiv e  type. Am ong ex istin g  m am m als which s t i l l  reta in
i
I a fu ll com plem ent of a ll the groups o f fa c ia l v ib r is sa e  are
j  the O possum  and the T ree Shrew s.
| Huber (1930), a fter  in vestiga tin g  m any sp e c ie s  o f
i
j m a m m a ls , has concluded that th ere is  a lso  a b a s ic  ground
|
| plan for the fa c ia l m u scu latu re. T his plan is  com m on
]
| to m arsu p ia l and p lacen ta l m am m als. L e G ros C lark
j
| (1924a) has e sta b lish ed  that the m u sculature in Tupaia
l v a r ie s  from  that in the other In sec tiv o res  but both from
I
| H uber’s text and from  h is diagram  of a th eo re tica l e a r ly
ii
| m am m alian  head (F ig . 57), it appears Huber takes the
j
| v iew  that an elongated , flex ib le  snout was not a feature
i
o f the e a r ly  m am m als. He a lso  co n sid ers  that the 
m uscu lature of the upper lip  was v ery  feeb le  in  the 
cen tra l portion  and was bound down to the underlying bone 
in  the m id lin e . When the appearance of the T ree Shrews
F ig .  57. D ia g ra m  of th e o r e t i c a l  p r im i t iv e  m a m m a l ia n  
head , r e d ra w n  f ro m  E . H u b e r 's  "E vo lu tion  
of the F a c ia l  M u s c u la tu re " ,  Q u ar t .  Rev.
B io l. (1930) V: 113 and 389.
F ig .  58. O p o ssu m  (D id e lp h y s ). M ounted sp e c im e n ,  
Royal S co tt ish  M useum .
and the O possum  (F ig . 58) is  con sid ered  it can be seen  that, 
w hile the T ree Shrew certa in ly  b ears m ore resem b lan ce  
to H uber's concept than do the other In se c tiv o r e s , the 
O possum  head is  even  m ore akin to the th eo re tica l 
m am m alian  head.
T ree  Shrews and O possum  j
ii
The ev idence provided by the d ifferent anatom ical j
i
s tru ctu res  su g g ests  that, although the T ree Shrews show  
defin ite sp e c ia lisa t io n s , it  is  at le a s t  p o ss ib le  that they
j
m ay be n ea rer  than the other In sec tiv o res  to the p rim itive  J
pattern  by not having an elongated , m obile snout. The j
j
O possum  show s many g en era lised  fea tu res and is  considered! 
to be the m ost p r im itive  of the m arsu p ia l m am m als. j
Sim pson (1935) s ta te s  that it has probably changed v e ry  |
!
lit t le  s in ce  the C retaceou s period . The O possum  is  
s im ila r  to the T ree Shrews in not having an elongated  j
snout and a lso  in its  gen era l resem b lan ce to H uber's |
th eo re tica l m am m al. It is  argued th erefore  that, w hile  
the T ree  Shrew s' sp ec ia lisa t io n s  ra ise  som e doubts as to 
the p r im itiv en ess  of th eir  p articu lar snout pattern , the 
appearance of the O possum  is  strong support for the v iew  
that the T ree  Shrew s alone among the In sec tiv o res  have 
reta ined  som eth ing lik e the b a sic  m am m alian  arrangem ent.
If th is hypothesis is  accepted  then the varia tion s found 
in the ex istin g  In sec tiv o res  can be sa tis fa c to r ily  exp la in ed . 
Le G ros C lark (1959) co n sid ers  that in adopting a 
te r r e s tr ia l  ex isten ce  m ost of the In sec tiv o res  have 
developed  con sid erab le  sp e c ia lisa tio n , as the p r ice  paid  
for  su rv iv a l. O lfaction and ta c tile  sen sa tio n  becom e o f  
in c r ea se d  im portance to nocturnal, t e r r e s tr ia l  sp e c ie s  
and the developm ent of an elongated , m obile snout is  of 
a ss is ta n c e  in th is p r o c e s s . The am phibious sp e c ie s  have 
fo llow ed  a d ifferent evolutionary path and have developed a 
deep m u zzle  covered  by v ib r is sa e  which rep lace  the 
rh in aria l ta c tile  apparatus.
Snout sp ec ia lisa t io n s  o f the ex istin g  In sec tiv o res  m ay  
be due p r in cip a lly  to a change in th eir  environm ent s in ce  
th e ir  diet has rem ained  in sectiv o ro u s in m ost in sta n ces . 
The adoption of an am phibious, te r r e s tr ia l  or fo s so r ia l  
way o f life  induces sp ec ia lisa tio n s  while the partly  
a rb o rea l, diurnal ex isten ce  of the T ree Shrews has 
p erm itted  the reten tion  o f a m ore g en era lised  sen so ry  
dependence. Hence the T ree Shrew s m ay resem b le  the 
e a r ly  m a m m a ls , as regards the snout, m ore c lo se ly  than 
do the other In sec tiv o res  while the O possum  m ay be even  
n ea rer  the p r im itive  pattern .
It is  su ggested  that the p rim itive  m am m alian  upper 
lip  had a broad cen tra l portion of rh in aria l m u cosa  
extending down to the ora l m u cosa  with only a lim ited  
contraction  to form  a broad philtrum . T here would 
th erefo re  have been  no lab ia l su lcu s in the m id lin e . A s 
the cartilag in ou s portion o f the snout b eco m es m ore  
elongated  a stage  is  reach ed , as in the H edgehog, w here 
the rhinarium  is  som e d istance away from  the ora l 
m u cosa  and there is  only a str ip  of rh in aria l t is su e  
p e r s is t in g  as a narrow  philtrum . The h a ir -b ea r in g  sk in  
extends m e s ia lly  to sep arate the rh inaria l m u cosa  from  
the m outh. In som e s p e c ie s ,  e .g .  the S o r ic id a e , the 
h a ir -b ea r in g  sk in  o f the lip  form s an a lm ost unbroken  
s tr ip , p o ss ib ly  to give g rea ter  flex ib ility  o f the snout by  
elim in ation  o f the in e la stic  rh inaria l t is su e . M uscle  
accom pan ies the hairy  skin in its  m e s ia l m igration .
The sam e p r o c ess  is  seen  in the am phibious s p e c ie s .  
In L im nogale the rhinarium  has m oved up the deep  
m u zzle  leav in g  only a thin philtrum  sep arating  the two 
h a lves o f the lip . In Potom ogale even  the philtrum  
app ears to be lo s t  giv ing an unbroken, h a iry , upper lip .
It is  argued th erefore  that B oyd's (1933) hyp othesis
1 0 0 .
concern in g developm ent of the m am m alian  upper lip  is  
supported by the findings of the p resen t study concerning  
the In sec tiv o r e s .
Superior L abial Frenum  
A su p er io r  lab ia l frenum  was found in se v e r a l sp e c ie s  
o f In sec tiv o re . In ^Limnogale the frenum  appears to be the 
ex ten sio n  o f the philtrum  as it goes p a la ta lly  to p ass  
betw een the d ivergent cen tra l in c iso r  teeth . This 
supports the v iew  of Bolk (1921) and Boyd (1933) that the 
su p er io r  lab ia l frenum  is  part of the philtrum . In the 
Com m on Shrew , how ever, the problem  is  w hether the 
frenum  a lso  rep resen ts  the v e s t ig e s  of the now o v erla id  
philtrum  or w hether it could be a p rim ary  structure  
developed  to a s s is t  in lim itin g  m ovem ent of the flex ib le  
snout. It s e e m s  reasonab le to conclude that the su p er ior  
la b ia l frenum  in the Com m on Shrew is  probably a rem nant 
o f the rh in aria l ex ten sion  to the mouth.
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MYRJV1E CO PH A GO U S SPECIES 
D iscu ss io n  on th is group is  lim ited  by lack  of 
in form ation  on certa in  a sp ects  such as the p resen ce  or  
ab sen ce  of a lab ia l su lcu s . N e v e r th e le ss , desp ite the 
ex trem e sp ec ia lisa t io n  of the jaws found in  som e of the 
s p e c ie s ,  it  is  p o ssib le  to deduce som e of the evolu tionary  
fa c to rs  which m ay be involved .
S im pson (1945) co n sid ers  that the m yrm ecophagous  
sp e c ie s  a ro se  from  p r o to -In se c tiv o re s . T heir  diet is  
s t i l l  b a s ic a lly  in sectiv o ro u s although adapted to a v ery  
lim ited  range of in s e c t s ,  m ain ly  of the term ite  v a r ie ty .
A snout b earin g  a large  rhinarium  would see m  to be 
vu ln erab le  to p o ss ib le  damage by the in se c ts  and the 
feed ing m ech an ism s m ay be partly  a p rotective  developm ent.
!
| In the ca se  of the A ard-V ark  the n ares are protected  by 
th ick  tufts of hair on the upper lip  and snout. Although  
the Pangolins s t i l l  have rh inaria l sk in  presen t the m ethod  
j o f p icking up the term ite s  by a long ex ten sile  tongue m ay  
so lv e  the problem  of not bringing the snout into contact 
with the food so u rce .
The G reat Ant E a ter  show s the m ost ex trem e degree  
of sp e c ia lisa tio n . The low er jaw is  capable o f v e ry  lit t le
m ovem ent and the stick y  elongated  tongue c a r r ie s  the 
in se c ts  up into the tu b e-lik e  mouth where they are p a ssed  
back into the oesophagous without being broken up by m olar  
teeth .
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CARNIVOROUS SPECIES  
Feeding M echanism s  
C arn ivores show  a lim ited  range o f varia tion  o f the lip
| and snout stru ctu res  p articu larly  am ong the te r r e s tr ia l  |
I !
j s p e c ie s .  Only the Coatim undi show s any str ik in g  d ifference
ii
| in  snout pattern and to som e extent in the dentition with its
i
i
spatu late cen tra l in c iso r s  and fou r-cu sp ed  m ola rs  capable
;  i
o f a grinding action . The Coatim undi in  fact has a j; i
; I
p a rtia lly  in sectiv o ro u s diet which accounts for the aberrant |
: I: I
secon d ary  developm ent of a m obile snout. Unlike the j
: i! I
H edgehog there is  no philtrum  or m id line sa g itta l groove j
; t
but the O rb icu lar is  o r is  m u scle  d istribution  is  rem in iscen t j
i  !
o f that in the In sec tiv o r e s . The m u sc le  extends a c r o ss  the j
|
m id line but, as in the H edgehog, it is  concerned  in  m o v e- j
i  m ent of the snout.
|  i
I M ost of the C arn ivores have an acute sen se  o f sm e ll  I; }I: j
| and the m ost highly developed o lfactory  m ech an ism  am ong j
| m am m als is  found in the Dog (N egus, 1956). The
rhinarium  is  usually  large  and m ost sp e c ie s  have a w ell
developed  v ib r is sa l sy ste m . F le sh  is  torn off the p rey  
and sw allow ed  without m astica tion  th erefore  the upper lip
I
i is  involved  v ery  lit tle  in the actual feeding p r o c ess  and
s e r v e s  predom inantly to carry  the v ib r is sa e . The
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am phibious C arn ivores show  typ ica l adaptation to th eir  
environm ent with reduction or lo s s  of the rh in aria l t is s u e .  
The Cat fam ily , although s t i l l  p o s se s s in g  a keen sen se  of 
s m e l l ,  hunt m ore by sigh t than do m ost o f the C arn iv o res .
Upper Lip
The C arn ivores show  an a lm ost uniform  le v e l of 
sep ara tion  of the rhinarium  from  the o ra l m u cosa  and in  
having a narrow  h a ir -co v ered  upper lip , usually  with a 
sh a llo w , m id lin e , sa g itta l gro o v e, devoid of hair but not 
form ing a true philtrum . In the C oatim undi, B adger  
and Racoon the cen tra l groove has been  lo s t  com p lete ly . 
The lip  m usculature is  usually  concerned  with v ib r is sa l  
m ovem ent and is  o th erw ise  poorly  developed.
Superior L abial Frenum  
M ost sp e c ie s  la ck  a c lea r ly  defined la b ia l su lc u s , e . g .  
C a ts , and even  where a su lcu s is  p resen t there m ay be no 
ev iden ce of a su p erior  lab ia l frenum  e . g .  C oatim undi. It 
is  on ly  in  the Dog that a true frenum  is  found and th is is  
com p osed  of m u sc le  and not connective t is s u e . D evelop ­
m ent o f th is stru ctu re  appears to be a sso c ia te d  with 
hypertrophy o f the o lfactory  apparatus. Study o f liv e  
sp ec im en s su g g ests  that only a v ery  lim ited  m ovem ent of
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the cen tra l part of the nares is  p o ss ib le  and that the 
rhinarium  is  not usually  brought into contact with an object 
under in vestigation . The anim al g iv e s  a s e r ie s  o f sh ort 
s n i f f s , drawing a ir  inw ards to the ex ten siv e  o lfactory  
m u cosa . The m usculature in the in fran aria l reg ion  m ay  
a s s is t  in  th is p r o c ess  by partly  c lo sin g  the airw ay,thus  
helping to reta in  the odour. It is  probable that the 
rh in aria l sk in  se r v e s  to m o isten  the a ir  and thus aid  
o lfaction  (N egus, 1956).  The absence of a su p erior  lab ia l 
frenum  in the B ulldog is  a lm ost cer ta in ly  a sso c ia te d  with 
the r e c e s s iv e  p osition  of the rhinarium  and the firm  
attachm ent of the snout to the underlying bony s tru c tu res .
HERBIVOROUS SPECIES  
Feeding M echanism s  
The type of food availab le to the h erb iv o res  is  m uch  
m ore v a r ied  than that o f carn ivores and th erefore  th ere  is  | 
m uch g rea ter  varia tion  o f feeding m ech a n ism s. One 
fa c to r  influencing the stru ctu re  of the jaw s is  w hether the 
an im al is  a g ra zer  or a b ro w ser . In the g r a z e r s , e . g .
i
the d om estic  O x, the low er  in c iso r s  are brought into
I
contact with herbage on the ground and they a s s is t  in  j
|
tear in g  and cutting the vegetation . To ach ieve th is the 
upper jaw m u st be re la t iv e ly  square at its  an terior  a sp ect \
and the low er jaw m ust protrude as m uch as the upper jaw.
!
In the b r o w se r s , e . g .  the North A m erican  M oose, the food |
is  com posed  of le a v es  of b u sh es or young tr e e s  and an !
overhanging upper jaw is  not a d isadvantage.
A nother factor is  the environm ent of a s p e c ie s .  j
W here a sp e c ie s  inhabits an area  with m ixed  vegetation  
it  tends to be se le c t iv e  and in th is p r o c ess  the rhinarium  
is  of im portance (H afez, 1962).  If, how ever, food has to 
be sought in a rocky environm ent e . g .  the Sheep, the 
upper lip  m ay require the p rotection  of h a ir -b ea r in g  sk in  
and the anim al w ill crop as c lo se ly  as p o ss ib le . W here 
conditions are c lim a tica lly  unfavourable, a large  m o ist
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rhinarium  m ay be a disadvantage as in arid  d eser t  
conditions e . g .  the G a z e lle s , or in reg ion s with prolonged  
snow  e . g .  the R eindeer.
The rum inants T ragu lid ae, C ervidae and Bovidae form  
a r e la t iv e ly  unified group as regard s snout and lip  pattern .
It i s  am ong the other h erb ivores that the g r ea te s t  
varia tion s of the lip s and snout are found. In a few  sp e c ie s  j 
the lip s  take on a much g rea ter  share o f functional j
ac tiv ity  and act both as a sou rce  of ta c tile  sen sa tio n  and as  j
!
the princip a l m eans of drawing herbage into the m outh. j
i
I
The n ares are situated  w ell behind the lip s  in  th ese  j
j
in sta n ce s . The Hors e ,  L lam a and C am el are exam p les j 
o f th is p r o c e s s . The Okapi is  in terestin g  in that it 
reta in s  a r im  of rh in aria l tis su e  around the n a r e s , w hereas  
in  the G iraffe th is has been com p lete ly  lo s t . A m id line
sp lit  o f the upper lip  p erm its  g rea ter  activ ity  of the two j
I
sep arate  p ortion s. This p r o c e ss  is  partly  see n  in the 
C am el but it  rea ch es an ex trem e degree of sp e c ia lisa t io n  
in  the two lip  pads of the M anatee by m eans of which the 
an im al b ro w ses  on underw ater vegeta tion .
The sp lit  upper lip  of the Lagom orphs show s com plete  
sep aration  o f the two h a lv e s , at le a s t  su p er fic ia lly .
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T his sp lit , how ever, does not se e m  to be concerned  with  
food gathering but has a double function. The rhinarium  is  
m uch reduced in the L agom orphs and the m y sta c ia l  
v ib r is sa e  are p a rticu larly  prom inent. The m obile  
m u scu la r  upper lip  a c tiva tes th ese  v ib r is sa e  which extend  
on to the an terior  su rface of the lip . F u rth erm o re , the 
lip  a lso  p lays a part in preventing dust en terin g  the a irw ay  
w hile the anim al is  underground. It a cts  by constantly  
applying a downward pull to the pa ired  m em b ran es on the 
inner a sp ect of the lip  su r fa ce . T hese m em b ra n es, with  
th e ir  underlying m u sc le s , a s s is t  in the rep eated  tw itching  
o f the n o s tr ils  ch a ra c ter is tic  of the L agom orphs.
Am ong sp e c ie s  showing e x c e s s iv e  developm ent o f the 
snout, the T apir is  a brow sing an im al and its  short 
p ro b o sc is  s e r v e s  as a ta c tile  organ. In the E lephant, 
h ow ever, the highly m obile p ro b o sc is  is  both a ta c tile  
organ and a food gathering m ech an ism . The snout in the 
P ig  is  a lso  a highly sp e c ia lise d  organ capable of being  
th ru st with con siderab le  force into the earth  in the sea rch  
for roots and gru b s. In a ll th ese  an im als the upper lip  
can s t i l l  be identified  but the lip  m u sculature has becom e  
m od ified  to a s s is t  in  the snout action .
In the r o d en ts , it is  the cen tra l in c iso r  teeth  which
are the ch ie f food gathering m ech a n ism s. The upper lip , 
although a lm ost com p lete ly  sep arating  the m uch reduced  
rhinarium  from  the o ra l m u cosa , is  s t i l l  p r im a r ily  a 
v eh ic le  for the v ib r is sa e  which are a prom inent fea tu re . j 
The lip  i s  bound down in the m id line to the underlying bone, j
Upper Lip
E ncroachm ent of the la te r a l h a ir -b ea r in g  sk in  on the 
cen tra lly  p laced  rhinarium  is  c lea r ly  see n  in the rum inants. 
It is  o f in ter e st  that the large  rhinarium  tends to be found
|
in  the m ore p rim itive  sp e c ie s  such  as the C hevrotains  
and M usk D eer . The Ox is  excep tion al in  reta in ing such  
a large  rh in aria l a rea . Only a few  sp e c ie s  e . g .  R eindeer  
have a com p lete , h a ir -b ea r in g  upper lip . M ost o f the 
rum inants show  a philtrum  of varying width.
D esp ite  the trem endous con trasts  in the snout
S
j
stru c tu res  of the other herb ivorous s p e c ie s ,  variou s  
s ta g e s  of encroachm ent of hairy lip  on rh in aria l sk in  can  
be id en tified . The T apir s t i l l  has a narrow  philtrum  o f  
rh in aria l sk in  on the underside of its  p ro b o sc is  but in  the 
E lephant the encroachm ent is  com plete and the p ro b o sc is  
is  com p lete ly  covered  in h a ir-b earin g  sk in  except for a 
narrow  rim  of rh in aria l t is su e  around the n a res . The P ig
no.
a lso  has a continuous hairy  upper lip  although th is is  
m od ified  by the en largem en t of the snout.
By and la r g e , where there is  a con sid erab le  degree of 
sp e c ia lisa t io n  of the feeding apparatus e . g .  P ig , H o rse , 
G iraffe , a h a ir -b ea r in g  upper lip , even  although m od ifed , 
form s a continuous str ip  sep arating  the n ares from  the 
m outh.
Superior L abial Frenum  
A su p er io r  la b ia l frenum  is  found in only two of the 
herb ivorous m am m als. In the P ig  it is  a th ick  fibrous  
m a ss  which appears to teth er  the lo o se  la y er  of fat and 
m u sc le  on the underside of the snout. H isto lo g ica l  
exam ination  o f the frenum  tends to confirm  the v iew  that 
it  is  s im p ly  a restra in in g , ligam entous type o f stru ctu re .
In the Lagom orphs it see m s  lik e ly  that the fibrous 
p aired  ligam en t running from  the inner su rface  of each  
portion  of lip  to the septum  rep resen ts  a p e r s is te n c e  of 
the rh in aria l philtrum  which has becom e m odified  for the 
s p e c ia l is e d  function o f a s s is t in g  in m ovem ent o f the 
n o s tr i ls .
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OMNIVOROUS SPECIES  
Strepsirh ine (L ow er) P r im a tes  
Feeding M echanism s  
| T here is  r e la t iv e ly  lit tle  variation  of the snout and lip
| s tru c tu res  am ong S trepsirh in e P r im a tes  (L o r is e s ,  L em u rs,
j
Indris and A ye-A ye) when com pared to those of h erb ivorous  
s p e c ie s .  A ll the S trep sirh in es have a rhinarium  and an 
| upper lip  which show s a varying amount o f cen tra l
| ph iltrum  or groove. M ost sp e c ie s  are p artly  in se c t i-
I
I vorou s but m ay include le a v e s , fru it, eggs or  even  sm a ll
b ird s in  th eir  diet (O sm an H ill, 1953). Although the upper 
j canine teeth  are en larged  there is  a tendency to reduction
i
j
! in  s iz e  and num ber of upper in c is o r s . A cen tra l d iastem a
I
\ betw een  the teeth  is  com m on. Only the A y e-A y e , with
| ro d en t-lik e  in c iso r s  su itab le for gnaw in girees to obtain
| grubs and the In d r is , which has spatulate cen tra l in c iso r s
and a frugivorous d ie t, show  any str ik in g  dental v a r ia tio n s. 
The an ter ior  lim b s are used to a s s is t  in eating by se iz in g  
j food and carry in g  it to the m outh. M ost active  sp e c ie s
p o s s e s s  v ib r is sa e  but th ese  are much reduced in  the s lo w -  
m oving L o r is e s .
■ Upper Lip
The upper lip  in the S trep sirh in es is  a feeb le  
stru ctu re  not capable of m ovem ent beyond a ra isin g  o f the
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lip  to exp ose  the can in es. It is  bound down firm ly  in the 
m id lin e . The exception  se e m s  to be the Indris in  whom an 
in c r ea se d  le v e l of m u scu lar  developm ent is  ach ieved  
togeth er  with a defin ite in crea se  in the range of p o ss ib le  
m ovem ent (O sm an H ill, 1953).
Le G ros C lark (1924a, 1959) argues that the T ree  
Shrew s should be p laced  with the S trep sirh in e P r im a tes  
rath er than the In sec tiv o r e s . Although th is has not b een  
done in the p resen t in vestiga tion  the undoubted c lo se  
rela tion sh ip  of the T ree Shrews to the S trep sirh in es  
su g g e sts  that the d ifferent types of lip  arrangem ent 
o b serv ed  in the S trepsirh ine P r im a tes  m ay be looked on 
as a p r o g r ess iv e  en closu re  of the la rg e  rhinarium  of the 
T ree Shrew s by the la tera l h a ir -b ea r in g  portions o f the 
lip . In D em idoff's Galago and the L em urs there is  s t i l l  
a narrow  philtrum . In the Slow L o r is  the rh inarium , at 
its  lo w er  b o rd er , form s a wedge of tis su e  before  
narrow ing into a philtrum  proper. In the M oholi Galago 
the philtrum  is  lo s t  e n tir e ly , leav ing  only a shaHow  
sa g itta l groove beneath which m u scle  fib res  c r o s s  the 
m id lin e . Although th is la s t  stage  is  am ong the m ost  
advanced to be found in the S trepsirh ine P r im a tes  the
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M oholi Galago does not have any lab ia l su lcu s in the 
cen tra l region  of the upper lip  and m ovem ent is  lim ited .
It is  only in the Indris that any notable advance in th is  
d irection  occu rs and the Indris has p artia l sep aration  o f  
the upper lip  from  the a lv eo la r  p r o c e s s . It th erefore  has 
the n ea rest approach am ong the S trep sirh in es to a 
H aplorhine type of snout and upper lip .
Superior L abial Frenum  
Of the sp e c ie s  exam ined , only the Slow L o ris  has a 
su p er io r  lab ia l frenum . T his is  form ed by a v ery  sh ort  
grooved  ex ten sion  of the philtrum  as it  extends p a lata lly  
to end at the in c is iv e  p ap illa . The frenum  is  com posed  
of fibrous connective t is su e  running in an an tero ­
p o ste r io r  d irection  and does not contain m u sc le  f ib re s .
A s w as m entioned e a r lie r , the Indris and A ye-A ye are  
a lso  sa id  to have a su p er io r  lab ia l frenum .
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HAPLORHINE PRIMATES 
F eeding M echanism s  
T here is  con sid erab le  uniform ity of lip  and snout 
s tru ctu res  in H aplorhine P r im a tes . The rh inarium , 
excep t for a v e s t ig ia l s tr ip  in the T a r s ie r , is  com p lete ly  
rep la ced  and v ib r is sa e  are m uch reduced or absent.
: The n ares are situ ated  p roxim al to the lip s  in  m ost sp e c ie s
excep t the Baboon. The developm ent o f a protruding  
snout is  th erefore  excep tion a l. The P ro b o sc is  Monkey 
(N a sa lis ) has a unique varia tion  of sexu a l rather than  
functional im portance.
The sen se  o f sm e ll b eco m es o f s tea d ily  d ecrea sin g  
im portance in the h igher P r im a tes  com pared to the 
S trep sirh ine  P r im a tes  and the T a r s ie r . At the sam e tim e ,  
the lip s  in  the h igher P r im a tes  b ecom e of g rea ter  
j functional im p ortance. This in crea sed  a ctiv ity  is  p artly
i
i
j a sso c ia te d  with use of the lip s  in m a stica tion  e .g .  the
| C him panzee. They are a lso  of im portance in tactile
|
| sen sa tio n , desp ite in crea sed  use of the hands for th is
| p u rp o se . The th ird functional developm ent of the lip s  is
| one unique to the h igher P r im a tes . T his is  the ex ten siv e
! use of m ovem ents of the face as a m eans o f com m unication .
W hereas in the L em urs only s lig h t m ovem ents of the ey es  
or e a r s  are p o ss ib le , a much w ider range is  ach ieved  by
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som e o f the H aplorhine P r im a tes . The low er  H ap lorh in es, 
e .g .  M arm oset, are r e s tr ic te d  to up and down "chattering11 
m ovem en ts o f the lip s  and jaw s. In the m ore advanced  
s p e c ie s  m any different lip  m ovem en ts, including  
e v e r s io n  of the l ip s ,  are p o ss ib le . T hree which are  
p a rticu la r ly  com m on are pouting, exposure of the teeth  
and rhythm ic up and down m ovem ents o f the lip s  
(Z uckerm an, 1933). The P ith eco id s are a lso  capable of 
sm ack in g  the lip s  togeth er during groom ing or sexu a l 
a c t iv it ie s .
Much o f th is in crea sed  lip  a c tiv ity  is  ach ieved  by the 
developm ent o f the lip  m u sc le s  such  as O rb icu laris o r is  
(L ig h to ller , 1928) but a lso  by the v ib r is sa l m usculature  
w hich b eco m es m odified  to a s s is t  in fa c ia l m ovem ents  
fo llow ing lo s s  of the v ib r is sa e  (H uber, 1930).
The in c iso r  teeth , except in the T a r s ie r , are o f the 
spatu late type and in adult sp ec im en s are alw ays grouped  
c lo se  togeth er  without a cen tra l d iastem a but with la te r a l  
sp a ces  betw een the second  in c iso r s  and the canine teeth  
to accom m odate the low er canine teeth  in o cc lu sio n .
Upper Lip
A ll the H aplorhines have a s im ila r  lip  pattern in that 
the lip  is  a continuous s tr ip , of varying depth, not
in terrupted  by a philtrum  or  groove. A deep lab ia l su lcu s  
is  found in a ll s p e c ie s . T his is  co rre la ted  with in crea sed  
use of the lip s .
The H aplorhine P r im a tes  have p resu m ab ly  descended  
from  a s e r ie s  of ea r ly  P r im a tes  who show ed som e of the 
s ta g e s  o f lip  form ation  ob served  in the p resen t day 
S trep sirh in es . E ven  the T a r s ie r , which is  m uch the 
m o st p r im itive  of the H aplorh ines, has an intact upper lip . 
T his su g g ests  that, in the H aplorhine s te m , lip  d evelop ­
m ent m ust have been v ery  ea r ly .
Superior L abial Frenum
It has been  shown that the su p er io r  lab ia l frenum  in  
the H aplorhines is  e s s e n tia lly  a m u scu lar  stru ctu re . The 
developm ent o f a cen tra lly  attached group of m u sc le s  is  
a sso c ia te d  with the wide range of lip  m ovem ents which  
can be ach ieved  by the m ore advanced H aplorh ines, in  
p articu lar  e v er s io n  o f the upper lip . T here is  som e  
varia tion  in re la tiv e  s iz e  of the frenum  in the H aplorh ines.
In the low er  sp e c ie s  it is  a thin strand of t is su e  due to the 
poor developm ent o f the m u sc le s  but in the Baboon and other  
m ore advanced sp e c ie s  it is  a fla tter , m ore broadly  
attach ed , s tru ctu re . T his r e f le c ts  the in crea sed  s iz e  and 
im portance of the underlying m u scu latu re.
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CONCLUSIONS CONCERNING FEEDING MECHANISMS 
IN THE PLACENTAL MAMMALS 
It is  convenient,before d iscu ssin g  the v ar ia tion s found 
in  Man,to su m m a rise  the m ain changes which have 
o ccu rred  in  the snout and lip  s tru ctu res  in p lacen ta l 
m a m m a ls . It is  argued that the p r im itive  m am m alian  
snout m ay have been som ething like that of the O possum  
o r  the T ree  Shrews and the ea r ly  m am m als m ay have had 
a g e n e ra lise d  dependence on a ll the sen so r y  recep tor  
m ech an ism s of the head.
In m o st of the in sectiv o ro u s sp e c ie s  there has been  a 
forw ard m ovem ent of the rhinarium  on an elongation  o f  
the cartilag in ou s portion o f the snout. T his g iv e s  an 
extended , m o b ile , tac tile  organ which is  p a rticu larly  
u sefu l in  a nocturnal, te r r e s tr ia l  e x is ten ce . The 
dentition rem ain s r e la tiv e ly  p rim itive  but som e tendency  
to  a carn ivorou s type can be found in a few  sp e c ie s  which  
have a m ore g en era lised  d iet. The am phibious 
In sec tiv o res  have evo lved  a deep, spatulate m u zz le , 
co v ered  with long v ib r is sa e , typ ica l of am phibians in  
other o r d e rs .
In m yrm ecophagous sp e c ie s  the elongation  of both  
the upper and low er jaw s and the developm ent of a
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s p e c ia l is e d , p reh en sile  tongue are ex trem e sp e c ia lisa t io n s  
of an aberrant group and are a sso c ia te d  with the lim ited  
nature of the d iet.
C arnivorous sp e c ie s  have reta ined  a s im p le  stru ctu ra l j  
pattern and a r e la tiv e ly  g en era lised  dependence on the !
v ariou s recep to r  m ech an ism s o f the head. T here are Jiij
cer ta in  sp e c ia lisa t io n s , e .g .  o lfactory  developm ent in  the
D og, but ex trem e varia tion s are the exception . j
i
Am ong the h e r b iv o r e s , the rum inants a ll have a roughly j 
s im ila r  arrangem ent with varia tion  being confined m ain ly  
to s iz e  o f the rhinarium . In contrast to the r e la t iv e ly  j
s im p le  pattern o b served  in the rum inants m any of the other  
h erb iv o res  show  great varia tion s of the feeding m ech an ism s.!  
T h ese  varia tion s can be divided into three m ain groups. |
In the f ir s t ,  the snout b ecom es the predom inant factor  
and s e r v e s  both as a ta c tile  organ and a food gathering j
m ech a n ism , e .g .  E lephant. In the secon d , the lip s  have 
taken over  th ese  functions with a consequent r e g r e ss io n  of 
the snout, e .g .  H orse . In the third group, the cen tra l 
in c iso r  teeth  predom inate in  food gathering and the 
rhinarium  and v ib r is sa e  are the p rincip le tac tile  
r ec e p to r s , e .g .  Rat.
O m nivorous sp e c ie s  do not show wide varia tion  of
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feeding m ech an ism s although a gradually  in crea sin g  
dependence on the lim b s in a s s is t in g  the feeding p r o c ess  
is  evident. Within the low er P r im a tes , a range of 
v aria tion  o f the snout and lip  from  som eth in g lik e that of 
the T ree  Shrew s to that of a H aplorhine P rim ate  can be  
found. H igher P r im a tes  a ll em ploy the lip s  as im portant 
feed ing m ech a n ism s, p a rticu larly  the advanced P r im a tes , 
who have a lso  developed the lip s  as a m eans of 
com m unication .
Rhinarium
The rhinarium  is  an im portant ta c tile  sen so r y  
m ech an ism  c lo se ly  a sso c ia te d  with the o ra l m u cosa  in  
m any low er  m am m als. It probably a lso  has a secon d ary  
o lfactory  function in  bringing odours into so lu tion  and thus 
aiding in the recogn ition  of the odour. Where it is  partly  
o r  w holly rep laced  there is  a tra n sferen ce  of its  m ain  
function to another sen so r y  m ech an ism ,in  som e in stan ces  
the v ib r is s a e , in som e the lip s  and in o th ers the lim b s.
A s a g en era l ru le , where there is  con sid erab le  s p e c ia l­
isa tio n  o f the snout s tr u c tu r e s , the rhinarium  tends to be 
reduced or  absent.
Upper Lip
A b a s ic  pattern o f phylogenic lip  developm ent in
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m am m als has been su g g ested  by Boyd (1933). He has 
d escr ib ed  a stea d ily  p r o g r ess iv e  encroachm ent of h a ir -  
bearing  sk in  from  the la te r a l a sp ects  of the upper lip  onto
j
the cen tra lly  p laced  rhinarium . The rh in aria l philtrum  i
|
undergoes a p r o g r ess iv e  la tera l contraction  until it  j
|
even tu a lly  d isa p p ea rs , to be rep laced  by a com p lete ly  |
i
h a ir -c o v e re d  upper lip . T his hyp othesis is  supported by j  
the evidence of the p resen t in vestiga tion . Within the 
in sectiv o ro u s  s p e c ie s ,  a lm ost the whole range of phylogenic j 
developm ent can be tra ced  and, in other groups, som e or  
a ll o f the s ta g es  can be iden tified . E ven  in th ose sp e c ie s  
show ing con sid erab le  sp e c ia lisa t io n  o f the snout and lip s  
the hypothesis rem ain s v a lid , although con sid erab le  
m od ification s m ay have occu rred .
I
The upper lip  is  a rudim entary stru ctu re in m ost 
low er  m am m als but in a few  in stan ces it  has becom e  
adapted to take over the functions of the rhinarium  and 
v ib r is sa e  and to a s s is t  to a large  extent in feed ing. In 
the m ore advanced P rim a tes  an additional function of 
com m unication  by m eans o f fac ia l e x p r ess io n s  has a lso  
b een  developed . A s a gen era l ru le , there does not appear  
to be m u sc le  underlying the rhinarium  or philtrum  and lip
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m usculature tends to be confined to beneath h a ir -b ea r in g  
sk in  only. The extent of upper lip  a ctiv ity  in m am m als is  
re la ted  to the le v e l of com p lex ity  of the m u scu lature and the 
d egree o f sep aration  of the upper lip  from  the a lv eo la r  
p r o c e s s .
Superior L abial Frenum
Only a few  low er m am m als p o s s e s s  a su p er io r  lab ia l 
frenum . In the Com m on Shrew it is  a fib rou s, ligam en tous  
stru c tu re , probably serv in g  as a m eans o f lim itin g  snout 
m ovem ent. In the P ig  it p erform s a s im ila r  type o f  
function in teth erin g  the m a ss  o f lo o se  fibrous t is su e  and 
sk in  on the underside of the snout while in the Lagom orphs  
it m ay a s s is t  in m aintaining a free  a irw ay. In low er  
P rim a tes  p o s se s s in g  a frenum  it is  an ex ten sion  of the 
rh in aria l philtrum  and its  p resen ce  a llow s som e m ovem ent 
of the upper lip . In the Dog and the Haplorhine P r im a tes ,  
how ever, the frenum  is  a m u scu lar  structure a sso c ia te d , 
in the Dog, with the highly developed o lfactory  apparatus 
and, in  the higher P r im a tes , with g rea tly  in crea sed  
capacity  for m ovem ent of the upper lip .
The su p erior  lab ia l frenum  is  found only where th ere is  
consid erab le  reduction or lo s s  of the rh in aria l ph iltrum .
It see m s  probable that where the frenum  is  fibrous in  
nature it is  derived  from  the rem ains of the philtrum . The 
m u scu lar  frena ob served  appear to be exam p les of 
co n v erg en ce .
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MAN
DISCUSSION
The human upper lip  d iffers from  that of a typ ica l 
H aplorhine P rim ate in having a su p er io r  lab ia l frenum  
com posed  o f fibrous t is su e  only, a sa g itta l m id line groove  
flanked by two param edian em in en ces , and a v erm ilio n  
b ord er. Since Man is  a lso  a H aplorhine P rim ate the 
rea so n s for th ese  d ifferen ces are m ost probably re la ted  
to the contrasting  behaviour of the upper lip  in the human 
and the ap es.
Superior L abial Frenum  
F u nctionally , it s e e m s  unlikely that the human 
su p er io r  lab ia l frenum  is  o f im p ortance, although T ait
(1929) has su gg ested  that it m ay teth er the upper lip  and 
thus m in im ise  traum a to the lip  during b irth . T his th eory  
se e m s  im probably s in ce  norm al d e liv ery  is  head fir s t  
but it does reco g n ise  the fact that the frenum  is  m uch  
m ore prom inent in the infant. Another p o ss ib le  
explanation  m ay be a sso c ia ted  with suck lin g . Gunther 
(1956) has d escr ib ed  an infant feeding problem  known as  
"fighting at the b reast" . During suckling the upper lip  
is  d isp laced  upwards by the b rea st t is su e  until the lip  
co v ers  the n o s tr ils  and cuts off the a irw ay. The infant
stop s suck lin g  in  ord er  to breathe and g iv e s  the appearance  
of a c tiv e ly  r e s is t in g  attem pts to feed  it . The frenum , 
although not m entioned by Gunther as a fa c to r , m ay play  
a part in lim itin g  th is upward d isp lacem en t of the lip  in  
suck lin g .
It has long been  esta b lish ed  that there can be 
con sid erab le  v ar ia tion  in  the s iz e  o f frenum  in the adult j
and in its  le v e l of attachm ent to the a lv eo la r  p r o c e s s .
T his v ar ia tion  in s iz e  can be found w hether the d iastem a  
b etw een  the cen tra l in c iso r s  has c lo sed  com p lete ly  or  not. j
i
T his fa c t, togeth er  with the r e la tiv e ly  frequent p resen ce  j
o f ir r e g u la r it ie s  in  form ation , such as the ep ith e lia l tags j
on the free  edge o f the frenum , supports C row ley ’s (1956) ;
j
v iew  that the human frenum  is  undergoing a p r o c e ss  o f 
degeneration . Le Gros C lark (1959) has pointed out that
m arked v ar ia tion  in a structu re and anom alies in  its  |
1
i
form ation  are often found where r e g r e ss io n  is  taking p la ce . I 
The question  a r is e s  th erefore  as to what the frenum  
r e p re sen ts . It is  co n sid ered , on the ev idence of th is  
in v estig a tio n , that the frenum  form s the v e s t ig e s  o f the 
rh inaria l ph iltrum , thus supporting the v iew  of B olk (1921). 
The human frenum  is  thus akin to the m u sc le -fr e e  
su p er ior  lab ia l frenum  o b served  in the Slow L o r is .
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The explanation  o f the dou ble-stranded  frenum  o cca s io n a lly  
found in the human m ay be the p e r s is te n c e  o f a sa g itta l 
groove as in the Slow L o r is .
The rea so n  for the developm ent of a m u scu lar  su p er io r  
lab ia l frenum  in H aplorhine P r im a tes  other than Man is  
p o ss ib ly  a sso c ia te d  with th eir  habit o f using the la b ia l as  
w ell as the b u ccal su lcu s as a tem p orary  food sto re  during 
m a stica tio n . The re la tiv e  s iz e  of the In cisivu s su p er io r is  
m u sc le  in advanced H aplorhines such  as the Chim panzee 
in d icates that it is  o f im portance in m ovem ent o f the upper 
lip , unlike the feeb le  s lip s  of the human In cisivu s  
su p er io r is  and D ep resso r  sep ti m u sc le s .
Ph iltrum  and Param edian  E m in en ces  
The human philtrum  has been  shown to develop only  
a fter  em bryonic lip  form ation  is  com plete and it is  
th erefore  not a lin e  of fusion  of the m edian fron to -n a sa l 
p r o c e s s e s  (Monie and C a cc ia tio re , 1962). It is  an open  
question  w hether the human philtrum  rep resen ts  a 
p e r s is te n c e  of the sa g itta l m id line groove found in m any  
lo w er  m am m als or  w hether it is  s im p ly  a v e r t ic a l fold  
a sso c ia te d  with the capacity  of the human upper lip  to 
contract la te r a lly . The condensation  of connective
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t is su e  deep to the philtrum  perhaps favours the form er  
v iew .
The param edian em in en ces are am ong the m ost  
d istin ctive  fea tu res of the human upper lip  com pared to
j that o f a H aplorhine P rim ate such as the C him panzee.
j
! In the adult human th ere are two groups of m u sc le  fib res  
a sso c ia te d  with th ese  r id g e s , a s e r ie s  o f v e r t ic a lly  p laced  
fib res  beneath each  em inence and a lso  tr a n sv e rse  fib res  
o f the O rb icu lar is  o r is  m u sc le  which c r o ss  the m id line  
I and end in  the ridge o f the opposite s id e . N either  of
th ese  groups of fib res are n early  so  w ell developed in  the 
I infant. T his su g g ests  that the developm ent o f param edian  
j em in en ces in Man is  a sso c ia te d  with the in crea sed
j com plex ity  of lip  m ovem ents in  fa c ia l e x p r ess io n s  and in
' the production o f sp eech  sound s, rather than with infant
|
| su ck lin g  m ovem en ts. The approxim ation of the two
j r id ges tow ards each  other is  c lea r ly  seen  during
j production of the "p", "b" and "o" sounds (L ig h to ller , 1925).
i
I It is  con sid ered  th erefore  that the param edian em in en ces  
are the r esu lt o f in crea sed  d ifferentiation  o f the human lip  
m u scu lature and the m uch m ore com plex patterns of 
behaviour ach ieved  by Man, com pared to other H aplorhine 
P r im a tes .
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V erm ilion  B order and L abial T ubercle  
One argum ent, put forw ard by L ig h to ller  (1925) and 
supported by Huber (1930), is  that developm ent o f a 
v erm ilio n  b ord er o f the lip  in  Man is  re la ted  to the tr a n s ­
feren ce  to the hands of part of the a c tiv it ie s  o f the lip s  in  
the advanced P r im a tes . Since the hands have taken o v er  
the function o f food gath ering , the lip s  are no lon ger  
req u ired  to be pow erful p reh en sile  organ s, such  as are  
found in  the C him panzee, and b ecom e m odified . In th is  
p r o c e ss  of m od ification  the O rb icu laris o r is  m u sc le  
b eco m es d ifferen tia ted  into a pars m arg in a lis  and pars  
p e r ip h e r a lis , w hile the m u sc le s  retractin g  the lip s  becom e  
m ore predom inant. This resu lts  in the ed ges o f the lip s  
being dragged outwards to exp ose the o ra l m ucous  
m em brane and th is m u cosa  b ecom es s lig h tly  m od ified  to 
form  the v erm ilio n  border o f the l ip s .
T his developm ent m ay w ell be the ch ie f factor in the 
evolution  o f the v erm ilio n  border but another functional 
factor  m ay a lso  be involved . It is  c lea r  that, although  
the hands are the principal sou rce  of ta c tile  se n s it iv ity  
in  the adult, the lip s  are s t i l l  v ery  im portant ta c tile  
recep to r  m ech an ism s in the infant (G ese ll and A m atruda, 
1945). Since th is is  s o , the p resen ce  o f an area  o f th in,
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highly sen s it iv e  m ucous m em brane around the lip s  is  
advantageous and the v erm ilio n  border of the lip s  a lm ost  
cer ta in ly  helps to supply ta c tile  inform ation  to the bra in .
The lab ia l tu b erc le , which is  such  a c h a ra c ter is tic  
of the upper lip  v erm ilio n  border in the human infant, 
appears to be part o f the suckling m ech an ism . P resu m ab ly  
i t s  contribution is  to give g rea ter  m ech an ica l advantage to 
the lip  in  bringing p r e ssu r e  to b ear on the b rea st t is s u e .
The th ickened pad of ep ith elium  often s e e n  on the lab ia l 
tu b ercle  is  probably a resp o n se  to the in c r ea se d  fr ic tio n  
involved  in suck lin g .
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CONCLUSIONS CONCERNING THE 
HUMAN U PPER  LIP  
The featu res of the upper lip  which appear to be unique 
to Man am ong the Haplorhine P r im a tes  are an e n tire ly  
fibrous su p erior  lab ia l frenum , a v e r t ic a l m id line groove  
and two v e r t ica l r id g e s , and a v erm ilio n  b ord er . It i s  
con sid ered  that the human su p erior  la b ia l frenum  m ay  
rep resen t the v e s t ig e s  of the rh in aria l ph iltrum  of the 
lo w er  m am m als and that the frenum  is  undergoing a  
degenerative p r o c e s s . T his degeneration  exp la in s the 
m arked varia tion  in s iz e  o f the adult human frenum  and 
an om alies in its  s tru ctu re .
The developm ent of the two param edian em in en ces  is  
con sid ered  to be a resp o n se  to the g rea ter  com p lex ity  of 
lip  m ovem ent ach ieved  by Man and to the needs of sp eech . 
The em in en ces are of im portance in la te r a l contraction  of  
the upper lip  and in the production o f certa in  sound s. The 
human philtrum  m ay be a v e r t ica l fold a sso c ia te d  with  
the m ovem ent of the param edian em in en ces or it  m ay  
rep resen t the v e r t ic a l groove seen  in m any lo w er  m am m als  
The v erm ilio n  border o f the lip  is  probably evo lved  
follow ing a dim inution o f the need for the lip s  to be
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p reh en sile  organ s. The lip s becom e dragged outwards 
and the ora l m ucous m em brane b ecom es exp osed . It is  
a lso  p o ss ib le  that the developm ent of the v erm ilio n  border  
g iv e s  Man a m uch g rea ter  area  of se n s it iv e  m ucous 
m em brane which acts  as a ta c tile  recep to r  m ech an ism .
GENERAL SUMMARY AND CONCLUSIONS
In itia lly , an in vestig a tio n  was made concerning the 
p resen ce  or absen ce of a su p er io r  lab ia l frenum  in s e v e r a l  
s p e c ie s  o f lo w er  m am m als in order to understand its
I p o ss ib le  s ig n ifica n ce  in the human. It was ev id en t,
i
h ow ever, that the su p er io r  la b ia l frenum  cannot be stud ied  
in  iso la tio n  from  surrounding s tr u c tu r es . F in a lly ,
! th er e fo re , a sy stem a tic  su rv ey  has been  m ade of the 
m orphology and functions o f the upper lip  and its  re la ted  
stru ctu res  in p lacen ta l m am m als.
Specim ens exam ined included l i v e , new ly dead, w et-  
p r e se r v ed , m ounted and dried m a ter ia l. S p ec ies  are  
d iv ided , on the b a s is  of th eir  d ietary  h ab its , into
j
in se c tiv o ro u s , m yrm ecop h agou s, carn ivorou s, 
h erb ivorous and om nivorous groups. T his arran gem ent 
| has been  chosen  b ecau se  the stru ctu res  being in v estiga ted  
are p r im a rily  concerned  in feeding.
E ach  d ietary  grouping is  con sid ered  in turn and 
; variou s sp e c ie s  are d escr ib ed . M ateria l is  illu stra ted  
by the use o f photographs, h alf-tone draw ings and photo­
m icrograp h s. A g r o ss  d issec tio n  technique is  used  in  
m o st in s ta n c e s , but som e sm a ll sp ec im en s have been  
fixed  and sec tio n ed .
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With regard  to the feeding m ech an ism s o f the p lacen ta l 
m am m als it is  argued that the ea r ly  pr im itive  m am m als  
had a snout and upper lip  stru ctu re resem b lin g  that o f the 
p resen t day O possum  and, to a l e s s e r  exten t, the T ree  
Shrew s.
E x istin g  te r r e s tr ia l  in sectiv o ro u s s p e c ie s ,  such  as  
the Com m on Shrew , have tended to develop a sp e c ia lise d  
elongation  of the cartilag inou s portion of the snout. The 
am phibious, in sectiv o ro u s s p e c ie s ,  such as L im n o g a le , 
have evo lved  a deep, broad m u zzle  covered  with highly  
sp e c ia lise d  v ib r is sa e .
C arnivorous sp e c ie s  have g en era lly  reta ined  a sim p le  
stru ctu ra l pattern  of the snout and ex trem e sp e c ia lisa t io n  
is  found in  only a few  sp e c ie s  such as the Coatim undi or  
the S ea ls .
H erbivorous sp e c ie s  p resen t m uch the g rea tes t range 
of varia tion  of the snout and upper lip  s tru c tu res . In the 
rum inants a r e la t iv e ly  s im p le  pattern has p e r s is te d . In 
som e s p e c ie s , e .g .  P ig , the snout b ecom es hypertrophied  
to form  the m ain  ta ctile  organ and food gathering  
m ech an ism . In so m e , e .g .  H o rse , the lip s  have taken  
over th ese  functions and the snout has undergone
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r e g r e ss io n . In the la s t  group, e .g .  Rat, the cen tra l 
in c iso r  teeth  predom inate in food gathering and the 
p rim itive  ta c tile  recep tor  m ech an ism s of rhinarium  and 
v ib r is sa e  are reta ined .
O m nivorous sp e c ie s  do not show  such  a wide range of 
varia tion  and the low er  or S trepsirh ine P r im a tes  have 
m o stly  not developed a snout and lip  pattern m uch in  
advance of that of the T ree Sh rew s. The h igher or  
H aplorhine s p e c ie s ,  how ever, have evo lved  an upper lip  
which has b ecom e a m obile s tru c tu re , reach in g an 
advanced le v e l of m u scu lar  com p lex ity  in som e in sta n ces . 
T his is  re la ted  to th eir  use of the lip s  in  feeding and as  
a m eans of com m unication.
When the findings are co n sid ered , the rhinarium  in  
low er m am m als is  seen  to be p r im a r ily  a ta c tile  recep to r  
m ech an ism  and where it is  partly  or  w holly rep laced  th is  
function m ay be tra n sferred  to another sen so r y  m ech an ism  
such  as the lip s  or  the lim b s.
T here a lso  appears to be a b a s ic  pattern of lip  
developm ent in p lacental m am m als. The sim plest; 
arrangem ent is  see n  in the O possum  and T ree Shrews 
where the rhinarium  extends o ra lly  to form  the cen tra l 
part of the upper lip . The m usculature o f the la te r a l
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portion s o f the lip  is  feeb le . Subsequent lip  developm ent 
in v o lves the en croach m en t, on the cen tra l rh inarium , of  
the la tera l h a ir -c o v e re d  parts o f the lip  until the final 
s ta g e s  are rep resen ted  by sp e c ie s  having a continuous, 
h a ir -c o v e re d  lip  and ab sen ce of the rhinarium . Only a 
few  s p e c ie s ,  such as the H orse and the Haplorhine 
P r im a te s , have ach ieved  th is le v e l of developm ent. 
A ccom panying th is p r o c ess  is  the sep aration  o f the upper 
lip  from  its  attachm ent at the m id line to the a lv eo la r  
p r o c e s s ,  thus perm itting  g rea ter  m ovem ent of the lip . 
D esp ite  the v ery  great d ifferen ces in developm ent of the 
snout and upper lip  it is  p o ss ib le  to support th is hypothesis  
o f lip  developm ent throughout the whole range o f p lacental 
m a m m a ls . Those sp e c ie s  show ing the developm ental 
pattern  m ost c lea r ly  are the I n se c t iv o r e s , the Rum inants 
and the Strepsirh ine P r im a tes .
The su p er io r  lab ia l frenum  in low er m am m als is  
r a re ly  p resen t and where it does occu r it appears to 
se r v e  d iffering  functions in d ifferent s p e c ie s . In the 
Com m on Shrew and P ig  it is  a fibrous stru ctu re probably  
helping to s ta b ilise  the m obile portion o f the snout. In 
the Dog it is  a m u scu lar  stru cture acting on the m ob ile , 
cartilag in ou s snout probably as an aid in the highly
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developed o lfactory  m ech an ism . In the Haplorhine  
P rim a tes  it is  a lso  m u scu lar  and in th is instan ce appears  
to a s s is t  in the m ovem ents o f the upper lip .
The human upper lip  d iffers from  that o f other  
H aplorhine P r im a tes  in having a fibrous su p er io r  la b ia l 
frenum , a v e r t ic a l m id line groove, param edian em in en ces  
and a v erm ilio n  border.- It is  con sid ered  that the human 
su p er io r  la b ia l frenum  is  a v e s t ig ia l structure d erived  
from  the rh in aria l philtrum  and that it does not appear  
to have any functional s ig n ifica n ce . The m id line g ro o v e , 
o r  s o -c a lle d  philtrum  and the param edian e m in e n c e s , are  
probably developed as a resp on se  to the in crea sed  
refinem ent and com plexity  of the ora l m u sculature and the 
s p e c ia l is e d  use of the human lip s  in sp eech .
The developm ent of a v erm ilio n  border of the lip  in  
Man m ay be re la ted  to the re tra c to rs  of the lip s  becom ing  
m ore predom inant than the con tractors and hence som e  
of the o ra l m u cosa  is  exp osed . H ow ever, th ere  m ay be 
another functional factor involved  and the exposure of the 
o ra l m ucous m em brane m ay be to provide a highly  
sen sit iv e  ta c tile  su rface  in addition to the other ta c tile  
recep tor  m ech an ism s of the human.
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